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Application of Automatic Control 


to Open-Hearth Furnaces 


By E. White 


head, A.Met. 


SYNOPSIS 


The paper deals with some of the factors which require automatic control, and indicates why priority is 


given to air/fuel ratio, furnace pressure, roof temperature, and reversal. 


Attention is drawn to some of 


the major sources of error in the measurements, and to other difficulties which act against satisfactory 


control. 
the basic principles of automatic control are presented 


to develop a sound understanding of the operation of controllers. 


replace the highly specialized knowledge of the control 


Accuracy of control is discussed, with particular reference to the *‘ uncontrolled variable.”’ 


Finally, 
in a simple non-mathematical way t-) enable the user 
This presentation is not intended to 
designer, but to allow the user to co-operate with him 


by supplying accurate information on the characteristics of the furnace and process. 


NTIL recently, the steel industry, compared with 
UJ other industries, has been slow to make use of 
instruments and automatic controls, their 
adoption being particularly slow in open-hearth- 
furnace plants. Unfortunately, application of auto- 
matic control to the open-hearth furnace is more 
difficult than in, say, steam production, or the 
chemical industry. In some furnaces, instruments 
and controllers have been installed and afterwards 
scrapped, largely as a result of insufficient knowledge 
of the operating conditions, the choice of suitable 
instruments, and the use made of them. 

A great deal has already been written about 
automatic controls, or servo-mechanisms as they are 
sometimes called, but unfortunately most of the 
treatments have been largely mathematical, with 
the result that many engineers and_ steelplant 
managers regard the theory as beyond them. This 
paper has been written to draw attention to some of 
the difficulties and to show that the application 
and use of automatic controllers can be understood 
without a knowledge of higher mathematics. To 
this end, an attempt is made to answer three distinct 
questions : 

(i) What should be controlled ? 


(ii) What accuracy of control is needed ? 
(iii) How should the controls be effected ? 


ITEMS THAT SHOULD BE CONTROLLED 


The open-hearth furnace may be regarded as a 
vessel in which certain chemical or metallurgical 
reactions are carried out, the general purpose being 
to obtain a product conforming to certain standards 
of quality in the shortest time. Two factors appear 
to be vital in the control of the reactions, viz., furnace 
atmosphere and heat. These factors are inter- 
connected, since the means of producing the heat also 
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provide, or have a very large effect on, the atmosphere 
in the furnace. The heat factor can be controlled 
by measuring the temperature of some part of the 
bath or furnace, and varying the fuel supply to give 
the desired result. The furnace atmosphere can be 
maintained at a definite condition by controlling the 
air/fuel ratio, but it is here that a major snag arises. 
The furnace is well known to be a very leaky vessel, 
and air can be drawn in through undesired channels, 
leaky brickwork, doors, and bad joints. Such in- 
filtration is detrimental to the control of both 
atmosphere and heat. Entering the furnace adventi- 
tiously through many different paths, the air can only 
be measured, in an indirect way, by analysing the waste 
gases leaving the furnace. Moreover, it is known to 
vary in amount at different periods in the working 
of a charge ; consequently, it cannot be allowed for 
satisfactorily by using a false air/fuel ratio. 

Thus, before the furnace atmosphere and tempera- 
ture can be satisfactorily controlled, the infiltrated air 
must be brought under control, and preferably be 
eliminated. The control of infiltrated air is a matter 
chiefly for the furnace designer, builder, and mainten- 
ance men. For instance, air leaking into the checkers, 
slag pockets, and uptakes can be minimized by 
frequently patching and grouting the brickwork. 
Encasing the checkers and slag pockets with steel 
plates is also a help, but not sufficient in itself. 
Materials are being sought with which to form a 
resilient covering for brickwork, capable of withstand- 
ing the temperatures encountered, and which will 
adhere strongly to the bricks. A suitable material has 
yet to be produced and proved to be satisfactory. 





Manuscript received 21st December, 1948. 

Mr. Whitehead is Research Engineer in charge of the 
Instrument Department at the Appleby-Frodingham 
Steel Co. 
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2 WHITEHEAD : APPLICATION OF AUTOMATIC CONTROL TO OPEN-HEARTH FURNACES 


The vagaries of reversing valves in allowing air to 
short-circuit to the chimney are already well known. 
Leaks also occur through the doors of the furnace, 
and in the case of tilting furnaces, through the joints 
between the ports and furnace body. This again is 
a problem for the furnace designer to reduce the 
gaps to a minimum, without detriment to the furnace 
operation, and without requiring an undue amount of 
maintenance. 

With existing designs, even if all the gaps are small, 
it is still possible for large volumes of air to be drawn 
in, and the only known way of controlling these is to 
maintain a pressure in the furnace by means of the 
chimney damper or waste-heat boiler-fan baffles. In 
order to prevent all infiltration of air into the furnace, 
the pressure at door sill level should be not less than 
atmospheric, but owing to the temperature in the 
furnace, the pressure existing at higher levels will 
increase by about 0-012 in. W.G. per foot height. 
Thus, in large furnaces, when atmospheric pressure 
exists at door sill level, there will be as much as 0:04 
in. W.G. at the tops of the doors, and perhaps 0-1 in. 
W.G. at the roof. These pressures can force large 
volumes of high-temperature gases out of gaps and 
crevices, with the result that maintenance, especially 
of door arches and jambs, may become unduly heavy. 
This calls for a compromise between theory and 
practice, the best being the highest pressure at the 
door tops that maintenance considerations allow. 
The infiltration that then takes place at the bottoms 
and sides of the doors must be accepted. 

Thus control of the furnace atmosphere necessitates 
not only control of the fuel/air ratio, but also control 
of the furnace pressure, together with the elimimation 
or reduction of leakage into the checkers and uptakes. 

Since reaction rates with given metal and slag 
analyses vary with temperature, the metal and slag 
temperatures should be controlled, but there are 
several factors which have to be taken into considera- 
tion, the chief of which are: (i) The metal tempera- 
ture changes very slowly, and slag temperature is 
subject to abrupt changes when additions are made, 
(ii) the flame temperature is considerably higher than 
the melting point of the refractories (assuming the 
usual silica roof). 

It will be appreciated that an automatic controller 
of bath temperature could be maintaining full heat in 
the furnace because the bath temperature was low, 
and ignoring the fact that the furnace refractories 
were being burnt down. Furthermore there is no 
known method of continuously measuring bath tem- 
peratures which would form a suitable basis for auto- 
matic contrel. Once again some compromise must be 
sought, and it must be considered whether the fuel 
supply should be adjusted by hand or automatically. 

The reason for considering hand control in this 
discussion of automatic control is that in some. 
American plants, well advanced in general instru- 
mentation, automatic control of the fuel supply from 
the roof temperature has been given a trial, and has 
been ultimately replaced by a combination of hand 
setting for quantity, and automatic control to 
maintain the hand-set quantities constant. 

If the furnaceman is left to adjust the fuel supply 
by hand, he can be given valuable assistance by 
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means of automatic control of fuel pressure or flow. 
The advantages and disadvantages of pressure control 
of the fuel gas on gas-fired furnaces have been 
understood for some time; the alternative of flow 
control has much to recommend it. 

Automatic control of roof temperature is at present 
considered the most useful way of controlling bath 


temperatures in an indirect manner. As a silica roof 


is one of the most vulnerable parts of the furnace 
brickwork, and damage to it is fairly frequent, the 
prevention of overheating can add valuable weeks to 
the length of a campaign. Moreover, investigators 
have suggested that high rates of heat transfer to the 
bath, and faster working of the charge, follow the 
maintenance of the roof at the highest temperature 
consistent with safety. 

Optical, photo-electric, or radiation units, used to 
measure roof temperature, respond to a variety of 
effects : 

(i) The roof radiates heat and light to the measuring 
element 

(ii) It also reflects additional heat from the flame, 

and it ‘reflects’ cold from the doors and 
colder parts of the furnace 

(iii) The furnace atmosphere radiates heat to the 

measuring element, although its radiating power 
is low compared with that of a solid body or a 
highly luminous flame 

(iv) Dust or smoke in the sighting path at a lower 

temperature than the roof absorbs some of the 
radiation and causes a low reading. 

Thus, optical, photo-electric, and radiation instru- 
ments only read correctly when sighted on a true black 
body, and the roof of an open-hearth furnace is by no 
means a black body. Allowance should be made for 
the inherent errors of the measurement before auto- 
matic control of temperature can be even moderately 
successful. The major sources of error are considered 
in the following paragraphs. 

Instrumental Error 

At present, no manufacturer in this country will 
guarantee an absolute accuracy of industrial instru- 
ments better than + 2%, and this guarantee only 
applies when the instrument is working under ideal 
conditions. This degree of accuracy is over and 
above errors caused by furnace conditions and faulty 
methods of erection. At first sight, the fact that the 
measuring instrument can give a reading anywhere 
within a band 70°C. wide and still be considered 
accurate, seems to rule out any possibility of close 
control of roof temperature, but with good mainten- 
ance, the inherent error of a well-designed instrument 
can be kept within a smaller range than + 2%. 
Moreover, it is not necessary to know the true tempera- 
ture at which the roof brickwork starts to melt, but 
that the intruments shall give approximately the 
same reading whenever there is a risk of damage to the 
roof. 

It is necessary, therefore, to check regularly the 
radiation instrument, generally by means of an optical 
pyrometer. However, the optical instrument is 
inherently no more accurate than the radiation instru- 
ment, and the following precautions must be taken if 
the check is to be of any value : 

(i) The optical instrument must be frequently 
checked against a standard, such as a tungsten- 
filament strip lamp 
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(ii) The method of checking the optical instrument 
must include a check on the filter screen 
normally used with the optical instrument for 
high temperature readings 

(iii) The radiation instrument should only be checked 
when the furnace conditions are fully favour- 
able, 7.e., (a) no flame should be visible in the 
path between the instrument and the portion 
of roof sighted, (b) the furnace doors should be 
closed, and should have remained closed for at 
least 5 min., (c) several minutes should have 
elapsed since the last reversal, and (d) the roof 
should be at, or near, the highest allowable 
temperature 

(iv) When checking the radiation instrument, the 
optical pyrometer must be focused on the 
same area of roof as is viewed by the radiation 
instrument. 


Bearing in mind the inherent inaccuracies of both 
systems, differences between the optical and radiation 
readings do not mean that the radiation instrument 
is wrong, but rather that the lens or screen may be 
dirty, or the instrument may be somewhat misaligned. 

In addition to the check against an optical instru- 
ment the actual melting point of the roof shor'd be 
determined, and the reading of the recording :1istru- 
ment noted. It is suggested that this is the only sure 
way of checking a roof-temperature instrument, and, 
to take care of any changes in the roof itself, this 
check should be carried out at intervals during a 
furnace campaign. 


Errors Caused by the Furnace not being a True Black 
Body 

The most important error is that caused by radia- 
tion from the flame. With good general conditions, 
the flame lies low in the furnace, and it is easy to 
locate the measuring unit so that the sighting path 
is above the flame, but should anything happen to 
cause the flame to rise into the sighting path, very 
big errors can arise. If the flame is bright and 
clear, the instrument will read high ; instances have 
occurred where the recorded roof temperature shot 
up by as much as 200°C. because of flame inter- 
ference. Should the flame be dull, owing to shortage 
of air, such as during violent reactions, the instrument 
may read low. Under these conditions automatic 
control may do precisely the wrong thing, and if the 
particular process causes this type of error to occur 
frequently, it may be wiser not to embark on auto- 
matic control of roof temperature. 

The error caused by reflection of the flame from the 
roof tends to be much more consistent, and can be 
allowed for in the calibration of the instrument. 
With mixed-gas firing and measuring by means of a 
radiation unit, the error appears to be approximately 
20-25° C., but with fuel-oil firing it is believed to be 
of the order of 40° C., possibly because of the greater 
luminosity of the flame. This should be borne in 
mind when a furnace has to be fired with more than 
one fuel. 


Errors Caused by Smoke or Dust in the Sighting Path 


Errors caused by smoke or dust in the sighting 
path vary considerably, according to the intensity 
of interference. Their most important effect occurs 
when the measuring instrument is mounted some 
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distance clear of the furnace wall. Dust or smoke in 
the gap, being at low temperature, absorbs radiation 
from the roof and causes the instrument to read low. 
The effect may be judged from the actual experience 
that rubbing the glass screen with a slightly oily 
finger has been found to cause the instrument to read 
100° C. low. This emphasizes the necessity for perfect 
cleanliness of the glass or mica screen and the lens or 
mirror. 

Errors Caused by Roof-Temperature Variations 

The temperature of a roof may vary appreciably 
over its area, but to make absolutely certain that 
at no point does it reach melting point would require 
too many instruments of the present type. It may 
be that an instrument can be designed to ‘scan’ 
the whole area, in which case the control of fuel 
supply from the highest temperature observed would 
not present insuperable difficulties. 

Apart from the errors of measurement that must 
always be borne in mind when considering automatic 
control, roof-temperature measurement brings to light 
the importance of air and gas preheats. When gas 
flow, air flow, and furnace pressure are maintained 
at constant levels, the roof-temperature recorder 
shows, by a high and low record, when unbalance 
exists between the checkers at opposite ends of the 
furnace. It follows that automatic control of roof 
temperature will aggravate checker unbalance and 
rapidly cause the furnace to become ‘ one-ended.’ 
Thus, before automatic control of roof temperature 
is applied, provision must be made to maintain pre- 
heat temperatures in balance by reversal control. 
Reversal control can balance either air or gas checkers, 
but it has no effect on the relationship between them. 
Reversal] control can be effected by time, temperature 
difference of checkers, or by a combination of both. 
It may be fully or partially automatic. Control by 
time is a good help to the melter, but is insufficient 
by itself, for it gives no corrective action when the 
checkers become unbalanced. 

An elaborate system of automatic-reversal control, 
based on a combination of time and temperature 
difference of checkers, which appears capable of 
acting correctly under all conditions of furnace opera- 
tion, has been developed in America. It gives the 
impression, however, of being far more elaborate 
than necessary, savouring somewhat of the principle 
of adding one device after another to take care of 
the vagaries of the last. 

Fully automatic control of reversal has one 
major disadvantage: it tends to be dangerous to 
personnel. The semi-automatic system based on 
temperature difference of the checkers can be fully 
recommended. At the Appleby-Frodingham Steel 
Company’s plant, the difference between the air- 
checker temperatures is recorded and an alarm 
sounded when the difference reaches a predetermined 
figure. The furnaceman then reverses the furnace 
by pressing a single push-button switch. The checker 
temperatures are measured by thermocouples sus- 
pended through the roofs, and although this method 
gives neither true checker nor true preheat tempera- 
tures, the roof-temperature recorder confirms that it 
accurately reveals unbalance. 
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ACCURACY OF CONTROL 


The primary requirements for a controller for open- 
hearth-furnace duties are robustness, simplicity of 
construction, ease of maintenance, and general 
stability. The best accuracy that can be obtained 
with these features should be sought. A controller 
consists of two main parts—a measuring system and a 
system to apply corrective action when there is a 
difference between the values measured and the value 
required—and it is necessary to distinguish between 
the accuracies of these two systems. When a highly 
accurate corrective system is coupled to an inaccurate 
measuring system, the controller slavishly follows all 
the irregularities of the measuring system and will 
appear to give good control, but an accurate and 
sensitive recorder, installed as a check, will produce a 
record showing considerable variations. Bearing in 
mind the various errors to which the measuring 
element is subject, this partly explains why it is 
difficult to control true roof temperature. A separate 
recorder, measuring the temperature of a different 
part of a roof under automatic control, gives a record 
which is far from constant. 

Another factor of major importance is that of the 
uncontrolled variable. 

It is interesting to see how these considerations 
affect each of the items proposed for open-hearth- 
furnace control. 


Furnace Pressure 


It has already been shown that furnace pressure 
should be controlled so that the zero line is at door 
sill level, or perhaps a little higher, as dictated 
by maintenance considerations, and theoretically, 
measurement should be made at the zero line. In 
practice, though, this is a most inconvenient level at 
which to maintain a hole through the front or back 
wall of a furnace, and the practice of measuring the 
pressure through a hole in the roof is now generally 
accepted. The method of running the pipe connec- 
tion from the point of measurement to the measuring 
instrument can introduce quite appreciable errors, 
owing to the ‘buoyancy’ or ‘chimney’ effect at 
all changes in the level of the pipe. These errors can 
be minimized by making the vertical part above the 
roof as short as possible, and by placing the down 
connection from roof to stage level where its tempera- 
ture will not be very different from that of the general 
atmosphere. Should this be impossible, the down 
connection could be water-cooled. Trouble arises 
not so much from the error, as from variation of the 
error, caused by variation in temperature. If the 
error is small, the variations will be negligible, and 
a simple adjustment to the zero of the measuring 
instrument (or measuring element of the controller) 
suffices to give a true reading of furnace pressure. 


Another recommended way of correcting the error, is _ 


to use a differential type of instrument, with a 
compensating pipe, side by side with the measuring- 
pipe connection, terminating just above the roof level. 
In theory, this arrangement balances all buoyancy 
effects throughout the length of the compensating 
pipe. In practice, care must be taken to ensure that 
the two pipes are subject to identical conditions 
of temperature variation, and that errors, caused 
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perhaps by wind blowing across the open end of the 
compensating pipe, are not greater than in the 
uncompensated system. Moreover there is no known 
way of correcting for the buoyancy effect in the 
length from the lower to the upper surface of the roof 
other than by adjusting the zero of the measuring 
instrument. The author believes that the method 
previously outlined for minimizing the error will give 
the greatest satisfaction in the long run. 

The + 2% accuracy of the measuring part normally 
guaranteed by the manufacturers, is well within 
requirements, since a change of 2% causes a change 
of infiltrated air flow of only 1%, and it is doubtful 
whether a change of this order could affect the work- 
ing of a charge. Indeed, far bigger changes are 
allowed to take place uncontrolled, as in the case of 
furnace doors, which, when new, fit quite well with 
merely a small gap, but towards the end of a run the 
gap is generally very much bigger. A more frequent 
change may take place every time a door is raised. 
While such changes remain uncontrolled a 2% error 
in furnace-pressure measurement is relatively in- 
significant, even if there is an additional 1 or 2% 
error in the correcting system. Robust commercial 
controllers, suitably powered for the duty, will respond 
to changes of 0-002 in. 


Air/Gas Ratig 


Wherever possible, standard methods of flow 
measurement* should be used in preference to a 
makeshift method requiring a special calibration with 
a model. Even if new mains have to be erected, the 
cost is negligible compared with that of building and 
maintaining a furnace throughout its whole life. The 
normal accuracy of measurement guaranteed by 
makers is + 2% for standard conditions. Moreover, 
the power available from the measuring device to 
operate the control mechanism is normally relatively 
great, so that the control mechanism adds only 
slightly to the inaccuracy of the measuring element. 
Thus, the accuracy of standard commercial regulators 
can be accepted, particularly when it is remembered 
that the proportion of infiltrated air to that entering 
the reversing valve can be appreciable and variable. 


Roof Temperature 

It is regretted that there is no positive recommenda- 
tion for the accuracy required for roof temperature 
control, but it is suggested that, in view of the many 
sources of error in the measuring systems used to-day 
for the purpose, too high a degree of accuracy should 
not be expected. It is certainly better to have a 
relatively crude but robust controller which can be 
satisfactorily maintained, than one of higher accuracy 
which is too often out of order. 


Reversal Control 

Whether reversal is based on time or temperature, 
the accuracy of modern instruments is quite adequate. 
A true temperature measurement is not necessary 
when reversal is based on temperature, since the 
temperature of one checker is being compared with 
that of another, and although + 2% is the generally 
accepted standard of accuracy for measuring tempera- 





* British Standard Specification, No. 1042: 1943. 
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tures, much better accuracies of comparative tempera- 
tures are easily attainable. 


TYPES OF CONTROL 

Automatic control is a major science requiring years 
of study, and many control problems can only be 
dealt with satisfactorily by the instrument designer, 
but to make the application of a well-designed con- 
troller successful, the designer must know certain 
particulars of the plant or process to be controlled. 
These particulars must be supplied by the plant 
manager, or with his full co-operation, and he will 
appreciate the requirements far better if he has a 
sound understanding of the fundamental principles 
of automatic control. 

There are three basic principles to be considered in 
commercial regulators, and if these are thoroughly un- 
derstood there should be little difficulty in recognizing 
and understanding the many variations that appear. 

The principles, which will be considered in turn, 
are: (i) On-off and floating, (ii) proportional, and 
(iii) rate-of-change. 


On-Off and Floating Control 

On-off and floating control signifies that corrective 
action is taken whenever a deviation from the desired 
condition takes place, and no account is taken of 
the extent of the deviation. 

On-off control is analogous to a room thermostat 
controlling the temperature of a room by switching on 
or off the current supplied to a radiator. Variations 
in room temperature cause the thermostat to open and 
remake in repeating cycles, giving a rhythmic variation 
of the controlled value, a feature which is known as 
‘hunting,’ and which is common to on-off control. 

The essential difference between on-off and floating 
control is that the former makes corrective action 
abruptly and between two distinct limits, and 
the latter acts relatively slowly and continuously 
so long as the deviation exists. This system aiso 
gives a hunting type of control. 

Proportional Control 


Proportional control takes its name from the fact 
that the correcting device causes the control valve 
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Fig. 1—Principle of proportional control illustrated 
by the mechanism of a carburettor float chamber 
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or damper to take up a position proportional to 
the extent of the deviation of the measured value 
from that desired or set. One of the simplest illustra- 
tions of this principle is furnished by the float chamber 
of a carburettor of a petro! engine. (See Fig. 1.) 

This principle has a very pronounced anti-hunting 
effect, for no matter how fast the deviation or the 
correcting action takes place the control element 
cannot get out of hand, but will hold the control 
valve in the position corresponding to the deviation 
until a further deviation takes place. 

The Rate-of-Change Principle 

The rate-of-change principle consists of measuring 
the rate at which the controlled value changes, and 
varying the corrective action accordingly ; so that 
should the controlled value change rapidly a large 
corrective action would be made. 

Unlike on-off, floating, and proportional, the 
principle of rate-of-change cannot by itself form the 
basis of a controller, but must be applied in con- 
junction with either, or both, the floating and 
proportional principles. When correctly applied, its 
action may be considered as somewhat anticipatory 
in that it is theoretically possible to measure the 
rate-of-change as soon as the controlled value starts 
to change. It tends to give faster control than 
floating or proportional control, but it has only an 
indirect anti-hunting effect. 


Hunting of Automatic Controllers 

The term hunting is only applied to the rhythmic 
variation set up entirely by the control mechanism, 
so that when the performance of a given regulator is 
being considered care must be exercised to differentiate 
between possible hunting of the controller and the 
results of external influences. 

It has already been stated that, of the various 
principles of control discussed, only that of pro- 
portional control contains a strong element to 
counteract hunting. This does not mean that all 
regulators not embodying the proportional principle 
will hunt when operating on particular installations, 
nor that a proportional controller cannot hunt, and, 
when considering the installation of an automatic 
controller, it is necessary to estimate in advance the 
tendency of the system to promote hunting. The 
probability of hunting is determined by the various 
time lags in the control system, a simple case being 
that of controlling the pressure of gas supplied to a 
furnace. This system will consist essentially of a 
valve some distance from the furnace, a pressure 
measuring point between the valve and the furnace, 
a pipe connection from the measuring point to the 
controller, and some linkage between the controller 
and the valve. When the gas supply to the furnace 
is increased by the furnaceman operating his valve, 
the pressure between that valve and the control 
valve decreases at a rate proportional to the cubic 
capacity of the main between the two valves. If the 
capacity is large the time lag is also large. 

The next lag is that of the pressure pipe and 
measuring element, followed by the lag between the 
regulator noticing the change of pressure and the start 
of the corrective movement of the control valve, and 
finally, the lag between the movement of the control 
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Fig. 2—Effect of valve speed on the quality of control 
obtained with the floating principle 





valve and the change of pressure at the measuring 
point. If any or all of these time lags are large there 
is always the possibility of hunting. Mathematical 
formule have been developed, based on measured 
values for these lags, relating the possibility of hunting 
to the speed of operation of the control valve, when 
operated by a simple controller of the floating type, 
and it has been found that for a given installation 
there is a limiting speed, below which the controller is 
stable, owing to the system being self-damping, the 
hunting set up by a given change automatically dying 
out (see Fig. 2). 

An explanation of the self-damping effect is that 
if the capacity between the two valves is very small, 
the pressure stabilizes itself almost instantaneously at 
a new value when the furnaceman’s valve is changed. 
All the controiler has to do then is to return the 
pressure to the control value, and because the 
capacity is very small the pressure instantaneously 
‘ follows ’ the movement of the control valve. When 
the set-point is reached the control valve stops and 
there is no ‘ overshooting.’ 

In the past, many variations of the on-off and 
floating principles have been developed to overcome 
their natural hunting tendencies. For instance, the 
on-off type of controller has been modified to allow 
the control element to take up three or more positions, 
according to the extent of the deviation. In this way, 
it becomes a very crude proportional controller. 

The simple floating principle has been modified so 
that the control mechanism can operate at two or 
more speeds, depending on the extent of the devia- 
tion, a small deviation causing the corrective action 
to be slow, and a large deviation causing rapid action. 
A further refinement is to make the speed of corrective 
action infinitely variable and proportional to the 


extent of the deviation. Thus it is possible to change- 


a large deviation to a small one relatively quickly, 
but if the time lags of the system are large, very slow 
speeds must be used in correcting small deviations to 
avoid hunting. Figure 3 indicates how commercial 
regulators are related according to the fundamental 
principles involved, and gives some of the alternative 
titles in common use. 
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The statement made previously, that the rate-of- 
change principle has only an indirect anti-hunting 
effect, may be questioned, but it is interesting to 
compare the actions of a proportional controller and a 
floating and rate-of-change controller for maintaining 
a furnace at constant temperature. Assuming that 
the furnace has been working under constant condi- 
tions requiring a paticular rate of fuel suppiy, and 
that those conditions change in such a way as to 
require a new rate of fuel supply, say a reduction of 
20%, a proportional controller would start to operate 
as soon as the temperature rose sufficiently to be 
noticed by the controller (determined by its 
sensitivity), but would only make small corrections 
proportional to the deviation until such time as the 
fuel supply was reduced by the requisite 20°, when 
the temperature would no longer rise (see Fig. 4a). 
This would happen irrespective of the rate at which 
the temperature rose, so that the 20% reduction would 
be made in the time taken by the furnace to increase 
its temperature to the extent corresponding to the 
20% cut. This explanation presupposes that the 
regulator moves very quickly. 

A floating and rate-of-change controller starts to 
operate when the temperature rises by the amount 
corresponding to the sensitivity, but, according to the 
rate at which the temperature rises, the controller 
tends to overshoot the required correction of 20% 
reduction, in which case it has to increase the fuel 
later, until the new position of equilibrium is attained. 
There is another way of looking at the action. When 
the furnace temperature is rising, both the rate-of- 
change and the floating principles act together to 
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Fig. 3—Relationship between commercial regulators 
on the basis of the principles involved 
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reduce fuel supply, but the temperature continues to 
rise until the 20% cut has been reached. At this 
moment the rate-of-change element ceases to have 
any effect, but the floating element still maintains 
its action of reducing the fuel supply (see Fig. 40). 
Over-correction must occur, but the extent will 
depend upon the limitations of the controller and the 
skill and knowledge of the instrument engineer when 
‘turing ’ the controller to the characteristics of the 
fur .ace. In fact, it may be said that over-correction 
is made deliberately to prevent large deviations, but if 
hunting is to be avoided the final rate of approach to 
the set-point must conform with the self-damping 
conditions of the system. 

The measures which may be taken to avoid hunting 
may be summarized as follows : 

(i) A. floating controller must be tuned to operate 
slowly enough to conform to the self-damping 
conditions of the whole system 

(ii) A proportional controller should operate at a 
high rate, and its range of proportional band 
(deviation corresponding to full travel of the 
controlled valve) should be sufficiently wide 

(iii) A floating and rate-of-change controller, like the 
simple floating controller, must be tuned to 
give the final approach to the set-point at the 
speed dictated by the self-damping conditions. 

In some controllers the proportional principle is 

used in conjunction with floating or with rate-of- 
change, and it is interesting to note that floating- 
proportional controllers, in which the combined effect 
is obtained by means of a dashpot by-passed with a 
needle valve, also include a rate-of-change element 
somewhat by accident. At high rates-of-change the 
effect of the proportional element is large and that 
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of the floating element small, and at low rates-of- 
change, the reverse takes place. 

The proportional principle is necessary when the 
self-damping conditions demand very slow speeds of 
operation of the control valve. For example, the 
time lag involved in roof-temperature control is so 
large that, with floating control only, the rate of 
operation of the fuel-supply valve would have to 
be impossibly slow to avoid hunting. 


APPLICATION TO OPEN-HEARTH FURNACES 

In the following, consideration is given to the 
automatic control of: (i) Furnace pressure, (ii) air 
fuel ratio, and (iii) roof temperature. The automatic 
control of reversal is in a different class, and presents 
no major theoretical difficulties. 

Furnace pressure and air/gas-ratio control usually 
provide very little chance of hunting, as the time 
lag between movement of the control valve and the 
resulting change at the point of measurement is, or 
should be, very small. The self-damping effect of 
the system is thus very large, and a properly designed 
floating controller will normally give sufficiently fast 
control without hunting. The term “ properly 
designed ”’ implies : 

(a) Measuring element sufficiently sensitive 

(6) Time lag as small as possible between a change at 

the measuring point and the start of the 
corrective action 

(c) Corrective device sufficiently powerful to operate 

the control valve or damper smoothly and 
positively 

(d) Robust construction to withstand the vibration, 

shocks, and atmosphere likely to be met. 

At the works of the Appleby-Frodingham Steel 
Co., there has been no difficulty in obtaining conditions 
of self-damping for: (i) Gas pressure controllers for 
blast-furnace and coke-oven gas supply, (ii) air/gas 
ratio, and (iii) furnace pressure. 

The control of roof temperature is a vastly different 
problem, since the time between the change in the 
rate of fue] supply and the change in the roof 
temperature is so much greater. For example, when 
the quantity of coke-oven gas supplied to a furnace 
has been changed by 33%, the roof temperature has 
been observed to take about 10 min. to rise to the 
correspondingly higher level. On the other hand 
there are times, as when foaming occurs, when roof 
temperature is said to rise to the danger point and 
above at a very much faster rate. From this it can 
be concluded that : 

(i) Proportional control is essential to avoid hunting 

(ii) If other conditions show that the necessary width 

of the proportional band introduces a risk of 
damage to the roof, or will not allow the furnace 
to work as fast as possible, then the floating 
and proportional principles must be combined 

(iii) Although a floating-proportional controller may 

meet requirements, there is a possibility that 

the rate-of-change element may have to be 

incorporated in order to obtain the fastest 

correction of deviations from the set-point. 
CONCLUSIONS 

It has been shown that the automatic control of an 
open-hearth furnace, as understood at present, 
consists essentially of the control of : 

(iii) Roof temperature 


(i) Furnace pressure 
(iv) Reversal. 


(ii) Air/fuel ratio 
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Owing to general furnace conditions, however, the 
control of these factors requires far more than the 
fitting of modern commercial controllers for the 
purpose, and, before embarking on a relatively 
expensive installation of automatic controllers, furn- 
ace managers are advised to study their furnaces 
intensively with the aid of instruments of the kind 
recommended by Rogers,* and to be prepared to 
improve furnace conditions along certain lines. 
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HistoricAL Note No. 13 


The Anglo-Saxon Smith in about a.v. 1000 


By Dr. H. 


“q7O name seems to have been more common at 
N the close of the tenth century ” than the name 
of Atlfric, who became abbot of Eynsham 
monastery, in Oxfordshire, in about a.p. 1005.1 A 
celebrity in the world of learning, he was also a great 
patriot, inciting his English contemporaries to a 
vigorous defence against the invading bands of the 
Danes, and exhorting them in his sermons by quoting, 


R. Schubert 


by my craft? How does the fisherman obtain his 
hook, or the shoemaker his awl, or the tailor his 
needle, but by my work ?’’? 

These few sentences enumerate the main products 
manufactured by a smith in Anglo-Saxon England in 
about a.D. 1000. They are the plough and the 
ploughshare, the goad (which was a spiked stick for 
urging cattle), the fish hook, and the shoemaker’s 





from English history, examples of fortitude and self 
sacrifice. 

The book which did most to establish his reputation, 
and brought him general fame, is his colloquy, 
an imaginary dialogue in Latin and English, designed 
to teach his scholars correct Latin. In this colloquy, 
various craftsmen are speaking and extolling their 
merits for the community of men. One of them is a 
blacksmith who says, “‘ How does the ploughman 
get his plough or his ploughshare, or his goad, but 





Manuscript received 3lst December, 1948. 

Dr. Schubert is Historical Investigator to The Iron and 
Steel Institute. 

? Dictionary of National Biography, vol. I, pp. 164-165, 
London, 1885. 
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awl. It is of particular interest that sewing needles 
of iron were made by the smith at such an early date. 

The smith’s work at this period is illustrated by 
a picture taken from an early eleventh-century 
manuscript, which contains an abridged translation 
of the first seven books of the Old Testament by 
the same Atlfric of Eynsham.* On the right of the 
picture, Tubalcain is seen working at an anvil and 
forging a piece of iron with a hammer. To the left of 
the anvil, stands a man holding tongs in his right 
hand, ready to lift the iron when finished, but still 
hot. 

2S. H. Gem, ‘An Anglo-Saxon Abbot, A#lfric of 
Eynsham,” p. 191, Edinburgh, 1912. 

3 British Museum, Cotton MS., Claudius B IV, fol. 10. 
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Electron Microscope Study of Quenched and 
Tempered Steel 


By J. Trotter and D. McLean, B.Sc. 


SYNOPSIS 


The electron microscope has been used to follow the changes occurring during the tempering of a0-6% 
carbon steel quenched to martensite. Separate specimens were used for each tempering temperature and 
the series was examined with three different etching reagents: 1% of nitric acid in alcohol, ethereal picric 
acid plus a wetting agent, and chromic acid used electrolytically. The electron microscope gave five to 
ten times the resolution of the optical microscope, and appeared to resolve nearly all the detail revealed by 
etching. The structures are interpreted to mean that nuclei of enriched carbon content, 100-400 atoms in 
dia., form up to about 200° C., when a precipitate of thin plates about 1000 atoms (} micron) in dia. commences 
to form. They are replaced by elongated particles about 4 micron long at 350° C. The particles become more 
rounded at 550°C., and at still higher temperatures grow considerably larger. At 450-700° C., cementite 
is found by X-ray examination. The ferrite grain size seems to be determined by the fineness of the marten- 
site grains into which each austenite crystal splits, and remains at about 2 microns even after tempering at 
700° C., there being no obvious grain growth at this temperature. A specimen air-cooled from 700° C. 
contained a film along practically every grain boundary, possibly of cementite. 


Introduction 


NVESTIGATION with the electron microscope at the 
National Physical Laboratory, of different replica 
techniques for metallographic work, has shown that 

the Formvar replica gives reliable and easily inter- 
preted results. The images are reproducible, and are 
similar to optical microscope images when coarse 
enough to be resolved by the optical microscope, as 
will be seen later. 

Preliminary electron micrographs of tempered steel 
structures showed that five to ten times the resolution 
of the optical microscope could be obtained. The 
‘troostite ’’ structure could easily be resolved into 
carbide particles set in a ferrite matrix, and the 
changes at lower temperatures leading up to this 
structure could be followed. 

There is recent magnetic,! X-ray,? and electron 
diffraction*: 4 evidence that the precipitate which 
forms first at low tempering temperatures is not 
cementite. Preliminary investigations have confirmed 
this and it is hoped to publish this work soon. 


PREVIOUS WORK 

This is not a full review of the great amount of 
work on the decomposition of martensite, but con- 
siders only those aspects relevant to the present 
investigation. 
Electron Microscope Work 

Electron microscope studies of the tempering of 
martensite have been made by other workers. 
Barrett®. © used the polystyrene silica replica tech- 
nique, and examined some quenched and tempered 
specimens, but did not draw definite conclusions. 
Since this replica technique involves a brief heating 
to 170° C., structures obtained for lower tempering 
temperatures than this, including the as-quenched 
condition, are open to doubt. Heidenreich, Sturkey, 
and Woods: 4 also used the polystyrene silica replica 
technique and in addition took electron diffraction 
photographs of the specimen surfaces. Their specimen, 
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tempered at 200° C., gave a diffraction pattern corre- 
sponding to hexagonal iron nitride, Fe,N (or an 
isomorphous compound?), and on further tempering 
at 350° C. patterns corresponding to Fe,N and Fe,C 
were observed. A specimen tempered at 400° C. gave 
only the pattern of Fe,C. From this they conclude 
that the first precipitate is probably Fe,N itself, and 
that this reacts at higher temperatures with dissolved 
carbon to give Fe,C. However, their steel contained 
0:9°% of carbon and only 0:0056% of nitrogen, so the 
maximum amount of nitride that could form would 
be only about ;!, of the amount of cementite 
that would eventually form. These workers made no 
mention of the relative strengths of the ‘ nitride’ 
and cementite lines, but, in any case, it seems rather 
doubtful if such a small amount of precipitate would 
give detectable lines and, until a definite check on the 
composition of the first phase is obtained, a more 
probable hypothesis is the alternative that it is a 
carbide (or possibly carbonitride’) phase whose strong 
lines are the same as those of hexagonal Fe,N. The 
carbide phase, and cementite itself, might, of course, 
contain the nitrogen in solid solution. The formation 
of transitional precipitates is well known in other 
age-hardening systems. 

An investigation by Semmler-Alter* had been known 
for some time but, because of the delays associated 
with German war-time publications, the paper was 
received only late in 1948. It was rather similar to the 
present work, but collodion was used for the replica 
material instead of Formvar and a different method 
of stripping the replica was employed. In view of 
these differences in technique it is a very interesting 
fact that for the same heat-treatment exactly similar 
results were obtained. That quite separate investi- 
gations in England and Germany, using somewhat 
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different techniques, give identical results in parallel 
cases should go far to establish confidence among 
metallurgists in the ability of the electron microscope 
to reproduce structures faithfully. 


Other Work 

Much classical work has produced general agree- 
ment that martensite decomposition occurs in two 
stages, (a) at about 100° C., and (b) at about 300° C., 
but the detailed nature of each stage has still not 
been firmly established. Honda and Nishiyama® 
considered stage (a) to be the transformaticn of 
tetragonal to cubic martensite, and that actual precipi- 
tation first occurs in stage (b). More recent workers, 
namely Hagg,! Antia, Fletcher, and Cohen,’ Arbusov 
and Kurdjumov,? and Kurdjumov and Lyssak™ 
consider or imply, however, that stage (a) includes 
precipitation of carbide. Hagg, and Antia, Fletcher, 
and Cohen suggest that the loss of tetragonality is 
due simply to removal of carbon atoms from the 
lattice, but there are objections, both experimental"? 
and theoretical,!* to this hypothesis. The recent 
evidence that the first precipitating phase is not 
cementite has given rise to the view that stage (bd) 
consists of the transformation of this precipitate to 
cementite.?, 2, 1 


EXPERIMENTAL WORK 

Specimen Preparation and Etching 

The stee’ used contained 0:6% of carbon, 0:21% 
of silicon, 0-77% of manganese, 0-007% of sulphur, 
0:012% of phospborus, 0:08% of nickel, 0-09% of 
chromium, and 0-007% of nitrogen. It was obtained 
in forged bar form. Specimens were cut off, austeni- 
tized for 1 hr. in a vacuum at 850° C. and quenched. 
Separate specimens were tempered for 1 hr. at 100°, 
170°, 250°, 350°, 450°, 550°, 650°, 700° C., and for 
6 hr. at 700°C., and one was left in the quenched 
condition. Except for one check test, mentioned later, 
all specimens were air-cooled from the tempering 
temperature. Thus, each specimen was given one 
tempering treatment at one temperature only. 

The specimens were hand polished. Three etching 
reagents were used : 
(i) A 1% solution of nitric acid in redistilled 
industrial methylated spirit (nital) 
(ii) An ethereal solution of picric acid saturated 
with water and containing 0-:3% by weight of cetyl 
trimethyl ammonium bromide (CTAB), a wetting 
agent (which contains sodium halide as impurity), or 
other similar wetting agent 
(iii) Anodic solution in 20% aqueous chromic acid. 
The depth of etch given for the electron microscopic 
examination was about that which would normally 
be given for examination with an oil-immersion 
objective. Particles of precipitate projected above 
the surface of the groundmass by a distance of one 
or two hundred Angstrom units (A), which is about 
the diameter of the smallest particles seen. Lighter 
etches gave insufficient contrast for satisfactory 
focusing. If this difficulty could be overcome, lighter 
etches would probably give better definition of small 
particles of precipitate. 
Replica Technique 

The modification of the original method ot Schaefer 
and Harker,}* used in this work, has been developed 
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at the National Physical Laboratory. It has the 
advantages of considerably facilitating the stripping 
process (the complete film is usually removed with 
normal etching reagents), reducing strain effects in 
the replica, and giving a film much easier to handle 
in the early critical stages of the process. 

The procedure is as follows : 

After etching, the specimen is quickly surveyed 
under the optical microscope ( x 500), then without 
delay the prepared surface is immersed in a 0-5% 
solution of Formvar (polyvinylformal) in chloro- 
form, and allowed to drain with the face vertical. 
The resultant coating dries in a few minutes and, 
when viewed obliquely, should show a_ uniform 
gradient of colour from straw to purple, term- 
inating in a narrow, thick, band at the lower edge ; 
any tendency for this band to be excessively broad 
is prevented by touching momentarily the edge of the 
dish of solution as the specimen is removed. This 
primary film is now given a ‘ backing’ coat of nitro- 
cellulose, put on in a similar manner, but the draining 
angle should be about 30° to the horizontal, the film 
face downwards, and no attempt should be made to 
remove surplus solution. When dry, the coating is 
cut through at the edges of the polished face by a 
scraping action with a knife, or by scribing round the 
face, as near as possible to the edge, with a needle 
point. The composite film is stripped by manipulation 
under distilled water in a large crystallizing dish or 
similar vessel, the operation being watched through 
the side of the vessel. The thick end of the film is 
teased up with a needle in a convenient holder until 
it is free along the whole of that edge. The freed 
edge is held with forceps, and the complete film is 
stripped away with a downward and away motion 
of the metal specimen, rather than by pulling with the 
forceps. The film is now brought, nitrocellulose side 
uppermost, to break the water surface at the held 
edge, whence it should shed water and float when 
released. The metal specimen is immediately rinsed 
with pure ethyl alcohol, is dried with a jet of filtered 
air and recoated ; the film is picked up from below 
on to standard 200-mesh electron microscope specimen 
screens, suitably arranged on brass or copper gauze 
of about 30 mesh. Excess water is removed by pressing 
the under side on to filter paper, and the assembly is 
dried in a desiccator. When the film is dry, the nitro- 
cellulose is dissolved away with amyl acetate. This 
is best done by placing the assembly in a small petri- 
dish and dropping the solvent on to the film with a 
fine pipette, a wire frame, slightly smaller than the 
replica, being first laid on to check any tendency of 
the film to curl. Two or three applications of the 
solvent are desirable ; when dry, the specimen is ready 
for examination in the microscope. 


The replica carries with it dust or etching residue 
collected on the specimen suriace, which defaces 
electron micrographs, although not noticeable on 
photomicrographs. For this reason, the first replica 
has been discarded in the present investigation, and 
a second one has been prepared in the same way. 
Foreign particles were still sometimes found on the 
second replica, and appear as black particles in the 
electron micrographs, see Fig. 6a. 

It should be emphasized that examination in the 
electron microscope of replicas prepared in this way 
only reveals differences in surface level of the specimen, 
elevated parts appearing light in the print and de- 
pressed parts appearing dark. Thus, particles standing 
proud, for instance, will be seen lighter than the 
groundmass, but it does not follow that they will all 
appear equally light or equally sharp ; this will depend 
on how they are situated with respect to the polished 
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Fig. 1—As-quenched from 850°C. Undecomposed 
acicular structure of martensite (contrast in- 
creased photographically). (a) Electron micrograph 
< 20,000 ; (b) optical micrograph x 2000 
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Fig. 3—Tempered ihr. at 350°C. Elongated particles. 
(a) Electron micrograph x 10,000; (b) optical 

micrograph x 2000 
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Fig. 2—Tempered 1 hr. at 100°C. Possibly some 
decomposition. (a) Electron micrograph 20,000 ; 


(b) optical micrograph 2000 
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Fig. 4—Tempered 1 hr. at 550°C. Rounded particles 
and differential etching in matrix. (a) Electron 
micrograph x 10,000 ; (b) optical micrograph x 2000 


(All etched with nital) 
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Fig. 5—Tempered 1 hr. at 170° C. Some decomposition. (a) Electron micrograph x 20,000; (b) optical 
micrograph x 2000 


(Etched with nital) 
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Differential 
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The black particles are extraneous matter picked up by the replica. 
2000 
(Etched with nital) 


<x 20,000 ; (b) optical micrograph 
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ture. (a) Electron micrograph x 10,000; (b) (a) Electron micrograph 
optical micrograph x 2000 micrograph x 2000 
(Etched with ethereal picric acid) 
Trotter and McLean] 
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Fig. 9—As-quenched from 850°C. Diffuse acicular struc- Fig. 10—Tempered 1 hr. at 250°C. Diffuse precipitate. 










Fig. 7—Tempered 6 hr. at 700°C., air cooled. Very Fig. 8—Hel 
large particles, and grain-boundary ridges. (a) ation of grain-boundary ridges. Roughening of 
Electron micrograph » 10,000; (b) optical micro- ferrite grains. Electron micrograph » 10,000 


< 10,000 ; (b) optical 
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Fig. 11—-Tempered ILhr. at 350 C. Elongated particles. Fig. 12—Tempered 6 hr. at 700°C. Very large 
(a) Electron micrograph 10,000 ;  (b) optical particles, and grain-boundary ridges. (a) Electron 
micrograph 2000 micrograph 5000 ; (b) optical micrograph 2000 


(Etched with ethereal picric acid 
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Fig. 13—As-quenched from 850°C. Undecomposed Fig. 14—Tempered 1hr. at 170°C. Pitting attack by 





acicular structure. Field apparently at junction of etching reagent ona fine scale. Electron micrograph 
three parent austenite grains. (a) Electron micro- 20,000 


graph x 10,000 ; (b) optical micrograph 2000 


(Etched electrolytically with chromic acid) 
[Tvottey and McLean 








Fig. 15—Tempered 1 hr. at 250°C. Attack on coarser Fig. 16—Tempered 1 hr. at 550°C. Etched patches more 
scale. (a) Electron micrograph » 20,000 ; (b) op- rounded than at lower temperatures. (a) Electron 
tical micrograph x 2000 micrograph 10,000 ; (b) optical micrograph » 2000 
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sale Fig. 18—-Tempered 1 hr. at 450°C. Etched with nital, 

Fig. 17—Tempered 6 hr. at 700°C. Very large carbide then etched electrolytically with chromic acid. 
particles. No grain boundary lines. (a) Electron Electrolytic attack appears to be located at particles. 
micrograph x 10,000; (b) optical micrograph x 2000 Electron micrograph x 10,000 


(Figs. 15 to 17 etched electrolytically with chromic acid) 
Trotter and McLean 
To face p. 11) 
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surface. For example, a cylindrical particle sectioned 
by the polished surface, and with axis normal to it, 
will appear, after an etching treatment which dissolves 
ferrite uniformly without attacking the particle, as 
a sharply defined circular disc, uniformly light. How- 
ever, a spherical particle which lies just below the 
polished surface will appear as a circular light disc, 
lighter towards the centre than the edge, and so 
seeming at the edges to merge somewhat into the 
groundmass. A particle lying a little below the 
polished surface, but exposed by etching, will not 
appear as light as particles sectioned by the polished 
surface. In examining the photographs these con- 
siderations should be borne in mind. 

The negatives obtained with the electron microscope 
will stand considerable enlargement, so that large flat 
fields can be obtained, as in Figs. 5a and 6a. For all 
the electron micrographs except one, the electronic 
magnification was x 4500. The exception was Fig. 
12a, for which the electronic magnification was 
x 1000. 

Repeat electron micrographs, made either with or 
without re-polishing and re-etching the specimen, 
confirmed the reproducibility of the structures. Quite 
noticeable detailed variations were found, however ; 


for example, one field might be found consisting of 


closely spaced fine particles of precipitate, and a 
neighbouring field consisting of considerably more 
widely spaced coarser particles. When it is remembered 
that, at a magnification of < 20,000, even a full page 
enlargement covers only about ;', of the area of a 
quarter plate print at x 2000, this is not surprising. 

To provide a famiiiar picture for comparison, 
normal optical photomicrographs, taken with a 
1-7 mm. oil-immersion lens, are placed in the top 
right-hand corner of many of the electron micrographs. 
An electron micrograph is referred to as Fig. Xa and 
a photomicrograph as Fig. Xb. 


RESULTS 

Etched with Nital 

Some of the structures produced by etching in 1% 
nital, showing the sequence of changes as the temper- 
ing temperature is raised, are reproduced in Figs. 1-7 
at magnifications of 10,000 or 20,000. The as-quenched 
material, Fig. la, consists of acicular grains with some 
large-scale subdivision within the grains, and also 
some faint fine-scale subdivision. Tempering at 
100° C. produces darkening in certain needles in the 
photomicrograph, Fig. 26, and appears to intensify 
the fine-scale subdivision, Fig. 2a. After tempering at 
170° C. the photomicrograph is similar, but the fine- 
scale structure is seen to be coarser in the electron 
micrograph, Fig. 5a, and is resolved into a structure 
of dots standing proud but without sharp outlines. 
The dots vary from 250 to 1000 A in dia., i.e., 100 to 
400 atoms. In Fig. 5a there are also diffuse ridges, 
mostly along grain boundaries. Tempering at 250° C. 
gives the photomicrograph, Fig. 6b, in which there 
is more uniform darkening, and a suggestion of 
resolution into small dots ; in the electron micrograph, 
Fig. 6a, definite particles can be seen and there are 
larger free spaces in the groundmass than previously. 
The particles are of two types: diffuse elongated 
particles, often showing directionality and frequently 
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occurring along the boundaries of groundmass regions, 
which etch at different rates, and others which are 
very sharply defined on one side, but which merge 
into the groundmass on the other side. All the 
particles in one group are sharply outlined on the 
same side, but those in another group are sharply 
outlined on another side. It thus appears that they 
are platelets formed on certain planes of the parent 
lattice, so that all those in one group are tilted at the 
same angle to the plane of polish. The black spots 
referred to, representing extraneous matter on the 
specimen surface, are to be seen in Figs. 1, 2, 5, 
and 6, especially in the last. Tempering at 350° C. gives 
a photomicrograph, Fig. 36, which has a suggestion of 
being resolved into small dots, and an electron micro- 
graph, Fig. 3a, showing clear particles set in a faster- 
etching groundmass. The free spaces in the ground- 
mass have become larger and the sharp edge effect 
of the platelets has disappeared, but the directionality 
has persisted. There was little change after tempering 
at 450° C., but tempering at 550-700° C., Figs. 4 and 
7, produced growth and spheroidization of the 
particles. It will be noticed how great is the variation 
in size of the carbide particles after any given temper- 
ing treatment. After tempering at 650° C., some of 
them were large enough to be definitely resolved by 
the light micrograph. Tempering at 700° C., Fig. 7, 
produced a network of ridges enclosing ferrite grains, 
i.e., regions which etch differentially. The ridges in 
some cases have the appearance of being extensions 
of the particles. They can also be seen faintly in the 
photomicrograph, Fig. 76, for which they were 
developed more strongly by a rather heavy etch. 
Similar markings occur in two of Barrett’s electron 
micrographs (Reference 5, Figs. 3a and 36). A 
groundmass grain structure shows up in most of the 
electron micrographs of this series. It does not 
increase significantly in size with increasing tempera- 
ture but, whereas at the lower temperatures it is 
acicular, at 700° C. it is equi-axial. It was suspected 
that the grain boundary ridges were films of cementite 
precipitated during air cooling from 700° C., at which 
temperature the solubility of carbon in ferrite 
approaches 0-05%. To check this, a specimen which 
had been tempered for 7 hr. at 700° C. and air cooled, 
and which contained films, was reheated for 1 hr. at 
690° C., and water-quenched. The structure is shown 
in the electron micrograph, Fig. 8. The signs of 
spheroidization are too doubtful to conclude definitely 
that the films are cementite. The roughening in the 
ferrite grains may be due to quench-ageing. 


Etched with Picric Acid and CTAB 

The structures produced by picric acid + CTAB 
are generally similar to those just considered. How- 
ever, this reagent discriminates less between different 
ferrite orientations, and therefore gives mainly a 
differential attack between ferrite and carbide. The 
etching times for different structures varied con- 
siderably. 

The martensite structure is shown in Fig. 9a. It 
consists of diffuse bundles of parallel needles, the 
needles in different bundles being oriented differently. 
The diffuseness is not revealed at the lower magnifi- 
cation of the photomicrograph, Fig. 9b. The etching 
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time was 2 min. Specimens tempered at 100° or 
170° C. were not tried with this etching reagent. 
After tempering at 250° C. the platelets can be seen 
in the electron micrograph, Fig. 10a, and there is 
evidence of breakdown in the photomicrograph, 
Fig. 10b. The etching time was 1 min. After tempering 
at 350°C. or at higher temperatures the structures 
were almost identical with the corresponding nital- 
etched structures, compare Figs. 11 and 3. The etch- 
ing time was reduced to 4 sec. for all these struc- 
tures. Grain boundary ridges again appear in the 
electron micrograph of the specimen tempered at 
700° C., Fig. 12a, and can also be seen very faintly 
in the photomicrograph, Fig. 12b. 


Anodic Etching in Chromic Acid 


The structures produced by electrolytic etching in 
chromic acid differed from those produced by the 
two previous etches at low temperatures, but were 
similar at high temperatures, except that this reagent 
attacks carbide faster than ferrite and so makes the 
former look dark on an electron micrograph. The 
electron micrograph, Fig. 13a, shows the martensite 
structure, the field selected apparently being at the 
junction of three parent austenite grains ; the bound- 
aries and sub-boundaries are well brought out. There 
are groups of parallel needles in each small region. 
The boundaries are also clear in the photomicrograph, 
Fig. 136. After tempering at 100°C., neither the 
electron microscope, nor the light microscope micro- 
graph, revealed any change, but after tempering at 
170° C. the electron micrograph, Fig. 14, shows fine- 
scale heterogeneity. Tempering at 250° C. produced 
in the electron micrograph, Fig. 15a, heterogeneity 
on a distinctly coarser scale. In the photomicrograph, 
Fig. 156, a general darkening occurs but the structure 
is not clearly resolvable. Tempering at 350° or 400° C. 
produced similar structures, but after tempering at 
550° C. the electron micrograph, Fig. 16a, shows 
patches which are less diffuse, more localized, and more 
rounded. The photomicrograph, Fig. 166, begins to 
resalve fine dots. After tempering at 650° or 700° C., 
the electron micrograph, Fig. 17a (700° C.), shows 
obvious particles, which can also be seen in the 
photomicrograph, Fig. 17b. Unlike the corresponding 
structures etched with nitric or picric acid, no grain 
boundary films are to be seen, which may be evidence 
that those in Fig. 7a are not cementite. 

Because of the peculiar shape of the dark patches 
in Figs. 15a and 16a (250° and 550° C. respectively), 
some uncertainty was felt about the structural 
feature being attacked, and its relation to the particles 
revealed by etching with nitric or picric acid, Figs. 4, 
6, 10, and 11, although the similar scale of the 
structures developed by the three reagents after a 
given tempering treatment is consistent with the idea 
that the chromic acid etch attacks carbon-rich 
regions. To get more information, some specimens 
were given a double etch, first with nital and then 
electrolytically with chromic acid, or vice versa. One 
of the results is shown in Fig. 18 (450° C.), and gives 
the impression that the chromic acid attack occurs 
on, or at, the side of the particles. 

To obtain the fullest information from the double- 
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etching process it would be necessary to study the 
same area at different stages of etching. 


X-Ray Examination 

Ordinary back-reflection photographs showed that 
cementite was present in specimens tempered at 
450°C. and above. In specimens tempered below 
450° C., any lines from the precipitate phase which 
should have been present on the film were lost in the 
background fog. 


CONCLUSIONS 


The consistency of the results obtained with the 
three etching reagents, and the agreement between 
the light microscope and the electron microscope with 
structures coarse enough to be resolved by the former, 
give some confidence that the fine structures observed 
at magnifications up to 20,000 dia. are real, and that 
detailed metallographic studies at these magnifications 
by means of the replica technique are now practicable. 
The replicas are far from perfect, and falsities arise 
from various causes. For instance, the replica some- 
times breaks down in thin places, showing a false 
duplex structure in, for example, carbide particles. 

Some of the structures shown in the electron micro- 
graphs are diffuse. It is thought that this represents 
actual ‘ diffuseness’ (7.e., gradual elevations and 
depressions instead of sharp ones) of the etched 
structure because it may be accompanied in the same 
micrograph by quite sharply defined features, see 
Figs. 6a, 15a, and 16a. Geometry accounts for some 
of the diffuseness in the way explained on page 11, 
but stress and concentration effects may also play 
a part, their effect depending on the etching reagent. 

The three etching reagents used have their indi- 
vidual characteristics. Nitric acid in alcohol attacks 
the groundmass faster than it attacks the precipitate 
phase, but the rate depends on orientation, so that 
the groundmass grain structure tends to be brought 
out. The ethereal solution of picric acid plus wetting 
agent also attacks the groundmass faster than the 
precipitate, but is less sensitive to orientation. The 
indications are, however, that it is sensitive to the 
dissolved carbon content of the groundmass. Thus 
martensite, which definitely contains a high dissolved 
carbon content, is attacked very slowly, and a very 
diffuse structure results; there is increasing defini- 
tion of precipitate particles and an increasing rate 
of etch for the tempering sequence, 250°, 350°, 450° C.* 
The electrolytic chromic acid etch nicely reveals the 
boundaries and sub-boundaries in martensite. It also 
gives a more rapid attack on the precipitate than on 
the groundmass. The peculiar shapes of the etched 
patches in specimens tempered at 550° C. and below, 
may be due to stress and concentration effects. If so, 
these effects are appreciably less after tempering at 
550° C. than after tempering at 250° C., as might be 
expected. 

The changes seem to take place in the following 
order : on quenching austenite, each grain splits up 
into many smaller angular grains of martensite of 





* Kurdjumov and Lyssak™ conclude from X-ray work 
that 0-2-0-3% of carbon remains in solution after 
tempering at 250° C.. and less than 0-1% after tempering 
at 300° C. 
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different orientations, each of which consists of a 
bundle of approximately parallel needles, Fig. 13a. 
Both needles and grains persist after tempering at 
170° C., Figs. 5a and 14a, but after tempering at 
250° C. the needles, which presumably do not differ 
appreciably from each other in orientation, have 
disappeared, while the grain structure remains, more 
evidently in Fig. 6a than in Fig. 15a. A similar grain 
structure was visible after tempering at 450° C., and 
there are signs of it after tempering at 350° C. and 
550° C. (Figs. 3a and 4a, respectively). After tempering 
at 700° C. (Fig. 7a), the grains are more equi-axial 
but of the same size, and so probably derive from the 
original martensite grains. The grain size, even of 
well-tempered material, is thus remarkably small— 
about 2 microns (0-002 mm.)—and would not usually 
be detected under the optical microscope. 

During tempering for 1 hr. at 170°C. carbon 
concentrates into nuclei, 100-400 atoms across. At 
250° C. discrete platelets, about 400-1000 atoms 
across, appear. Because these platelets, which in 
other systems are characteristic of the stage after 
undetached nucleus formation, occur first during 
tempering at 250°C., it is thought that the dotted 
structures obtained on tempering at 170° C. represent 
nuclei continuous with the parent lattice. According 
to the recent work, at least some of the precipitate 
present after tempering at 250°C. must be a non- 
cementite phase, but the total amount of precipitate 
is too great for anything but a tiny fraction to be 
nitride, as suggested by Heidenreich. At 450° C. only 
cementite has been detected by X-ray work. Since 
the chief change in structure between 250° and 450° C. 
is the disappearance of the platelets, it might be pro- 
visionally supposed that these are the non-cementite 
phase. Many of the particles at 250° C. are as large 
as the cementite particles produced by tempering at 
550° C. (} micron). After tempering at 550° C., the 
cementite particles are, however, rounder, and at 
higher temperatures rapidly grow larger. These state- 
ments refer to structures produced by tempering for 
1 hr., except for the 6 hr. treatment at 700° C. More 
prolonged tempering would doubtless reduce the 
jtemperatures needed to produce most, if not all, of 
‘the various structures. 

In connection with stages (a) and (b) referred to in 
the review of other work, the suggestion from the 
present work is, therefore, that stage (b) consists of 
the transformation of non-cementite precipitate to 
cementite, in agreement with other workers, but that 
stage (a) consists of the formation of nuclei continuous 
with the parent lattice, rather than of discrete precipi- 
tate particles. This is in line with other age-hardening 
systems, in which big changes occur before actual 
separation of the precipitate from the lattice. 

It is to be expected that the change in shape of 
precipitate particles observed with increase of 
tempering temperature, the small grain size even of 
well-tempered material, and the grain boundary films 
in specimens tempered at a high temperature, may 
have an important influence on mechanical properties. 
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Education for Management 


A scheme to encourage the development of training 
arrangements in industry and commerce was announced 
by the Ministry of Education in June, 1949. An Inter- 
mediate Certificate and a more advanced Diploma in 
Management Studies will be awarded after systematic 
courses of study. 

Following the recommendations of the Urwick Report 
on Education for Management, published in 1947, the 
Ministry of Education and the British Institute of 
Management have asked Local Education Authorities, 
Governing Bodies, and the Principals of Further Educa- 
tion Establishments to submit for approval their plans 
for Certificate and Diploma Courses. 

For the Intermediate Certificate students will be 
required to have reached a certain educational standard. 
They will take a three-year part-time course con- 
currently with commercial or industrial employment, 
and they must have reached the age of twenty-three 
years before completing the course. 

For the Diploma, the course will be of two kinds : 
specialized and general. Students must have obtained 
an Intermediate Certificate or be otherwise suitably 
qualified to pursue more advanced study in management 
subjects. They must have reached a minimum age of 
twenty-three years before completing the course, which 
will last two years. 

When the age and experience of the students merits 
special consideration, full-time courses or other arrange- 
ments will be made. 

Copies of Rules 116, setting out the arrangements and 
conditions for these awards, together with notes for 
guidance, may be obtained from H.M. Stationery Office, 
price 2d. net. 
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An Investigation on Banding 
By J. D. Lavender and F, W. Jones, Ph.D. 


SYNOPSIS 


Segregation in several steels has been studied by micro-radiographic methods. Temperatures of the 
order of 1200-1350° C. were required to remove banding, in agreement with rough calculations based upon 
diffusion data. This treatment is likely to result in overheating of the steel. The relation between the 
micro-radiographic and metallographic results has been considered. 


N the freezing of alloy steels, segregation of the dif- 
ferent elements occurs, and when the steel is rolled 
down to bar, the segregated areas are elongated to 

bands. This effect is well known to metallographers. 
By means of micro-radiography? it is possible in many 
cases to determine precisely what elements are segre- 
gated. Several banded steels have been examined 
by the micro-radiographic method, and the removal 
of banding by a high-temperature treatment has been 
investigated. The temperature required to remove 
banding agrees reasonably well with that calculated 
from the diffusion data, where such are available. 
An attempt has also been made to correlate the 
micro-radiographic results with those obtained by 
the more usual metallographic examination. 


EXPERIMENTAL PROCEDURE 
The technique used in the micrographic work was 
identical with that described by Betteridge and 
Sharpe.! The steels examined were melted in a high- 
frequency furnace, and the analyses were as follows : 


Steel Steel Steel Steel 

G122 4136 G663 G6384 
C 0-4 0 -34 0-45 0 -07 
Si 0-25 0-16 0-16 0-59 
Mn 0-3 2-0 1-11 0-49 
SS] Sea 0-014 0-027 x 
sf ike 0-012 0 -02 Ses 
Ni ses eee 0 -035 5 -23 
Cr 11-5 eas 2-51 4-19 
Mo he ae 0 -66 3-01 


Each specimen, which after grinding consisted of 


a thin sheet about 0-002 in. thick, was taken from 
the centre of the steel bar, with the plane of the sheet 
parallel to the axis of the bar. 

The etching reagent used for all the specimens was 
2% nital (2% nitric acid in alcohol). 

EXPERIMENTAL RESULTS 

Figures la and 1b show micro-radiographs, with 
Fe K and Mn K X-radiations, of the 11-5% chro- 
mium steel G122. That taken with Fe K radiation 
shows strong banding, indicating a high absorption 
for Fe K radiation by the specimen in the light areas 
of the picture. There is no such banding in that taken 
with Mn K radiation ; in this case all parts of the 
specimen have approximately the same absorption. 
Chromium is the only element which has a much 
greater absorption than iron for Fe K radiation and 
an approximately equal absorption as iron for Mn K 
radiation ; thus showing conclusively that the light 





Manuscript received 10th March, 1949. 
Mr. Lavender and Dr. Jones are at the Browr-Firth 
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bands in Fig. la are to be attributed to chromium-rich 
areas. Figure lc shows a photomicrograph of the same 
area of the specimen. 

Figures 2a, 2b, and 2c show micro-radiographs and 
a photomicrograph of a specimen of the same steel 
after 2 hr. at 1270° C. The bands have become much 
more diffuse. A careful examination of Figs. la and Ic 
shows that the dark-etching bands correspond to the 
chromium-rich areas shown by the micro-radiograph ; 
it must be remembered that with the microscope only 
the surface layer is examined, but the micro-radio- 
graph is an integral through the thickness of the 
specimen. In Fig. 2c the light-etching bands corre- 
spond to chromium-rich areas. This difference between 
the two photomicrographs of the chromium steel will 
be referred to later. 

There were still diffuse bands after 2 hr. at 1300° C., 
but after the specimen had been given a further 
treatment of 2 hr. at 1350°C. no bands could be 
detected (see Figs. 3a,* 3b,* and 3c). Figures 4a and 
4b show the 2°% manganese steel (@136), as received. 
The banding is definitely associated with manganese 
segregation. A treatment of 2 hr. at 1200° C. (Fig. 5) 
was almost sufficient to remove banding, which 
entirely disappeared after 2 hr. at 1270°C. (Fig. 6). 

The reduction from the ingot stage was smaller 
with steel G663 than with the previous two steels, 
and the photographs suggest an elongation of the 
segregated areas rather than continuous bands, as 
with the previous two steels. Figure 7a, taken with 
Mn K radiation, shows that molybdenum is segre- 
gated ; Fe K radiation is strongly absorbed by both 
chromium and molybdenum. The greater contrast 
in Fig. 7b indicates that there is segregation of 
chromium along with the molybdenum, but there was 
no conclusive evidence as to the segregation of 
manganese in the steel. A treatment of 2 hr. at 
1270° C. successfully removed the segregation from 
this steel (see Fig. 8). 

Figures 9, 10, and 11 show micro-radiographs, with 
Co K radiation and Cr K radiation, of the more 
heavily alloyed steel G684, in the as-received con- 
dition and after treatments at 1270° and 1350°C. 
Segregation appears to have been removed by the 
second treatment. Figure 9b, taken with Cr K 
radiation, suggests that there is molybdenum segre- 
gation, but there is no conclusive evidence that 
chromium and nickel are also segregated. Figures 9a 
and 9b show great variety in the type of inclusions 
present. The inclusions which appear light on both 
photographs are probably rich in a heavy element 





* No banding is visible on the original prints. 
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such as molybdenum, although from micro-radio- 
graphic evidence, titanium is also a possibility ; some 
appear black on both photographs ; these are of the 
alumina/silica type. There are several very thin 
stringers which appear light in Fig. 9a and dark in 
Fig. 9b; these are probably manganese sulphide. 
There are also thin stringers which appear light in 
Fig. 9a and are absent from Fig. 9b ; these are presum- 
ably similar to the sharply defined manganese-rich 
segregates noted by Betteridge and Sharpe. These 
segregates are not removed by the treatment at 
1350° C. (see Figs. lla and 118). 

In view of the high temperatures required to remove 
banding, it was thought to be of interest to determine 
whether the treatment had resulted in overheating. 
After hardening and tempering, the steel was fractured 
to see whether the usual facets were present, and 





Fig. 14—Removal of banding from a steel 


examined metallographically to see whether the grain 
boundaries showed up with the ‘ Admiralty etch.’? 
The results are given below : 


Steel Treatment Lesult 

G122 2 hr. at 1850°C. Overheated 
G136 2 hr. at 1200°C. Not overheated 
G663 2 hr. at 1270°C. Not overheated 
G684 2 hr. at 1270°C. Overheated 


CALCULATION OF TEMPERATURE REQUIRED ° 


TO REMOVE BANDING 
[f it is assumed that the concentration varies sinus- 
oidally through the steel, as shown in Fig. 14, the 
variation from the average concentration at any point 
is given by: 
C = Cmsin = 


where 2/ is the ‘ wavelength ’ between the bands. 
After soaking for a time ¢ at a high temperature at 
which the diffusion coefficient of the segregated 
element is D, the concentration at any point is given 
by : 
3 7 Dt 


2. PF 
C = Cmsin — @ 


FO teeseeeeeeeeeeeeeees 
It may be shown that equation (2) satisfies the 
differential equation : 
oc 0’C 
ot oat 
with C = 0 at x = 0, and x = [ for all values of ¢, and 
C = Cmsin = when ¢ = 0. 
l 
At zs = >? ce a Cm e 
= Cm whenit = 0. 


The amplitude of the bands is thus a fraction 1/f 
of its original amplitude when : 
__ Dt l 
e FeO edi abts te tieteck costes (3) 
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Taking logs : 


2Dt 
0 -4343 = = logyof. 

It is estimated from the micro-radiographs that the 
banding will not be observed when it is reduced to 
one-tenth of its original amplitude. Putting f = 10: 

Dt ] 

me ee = 0283... ee eeeeee eee : 

im ¢ae 7 oo (4) 
Equation (4) gives the minimum value which the 
diffusion coefficient must have for the elimination of 
banding. For comparison of the experimental results 
with diffusion measurements, the temperature required 
to eliminate banding may be calculated as follows : 


D is given by a formula of the type: 
Q 


12 EY Fe. ST eee ee (5) 
where R = gas constant = 2 cal./g. 
fi absolute temperature, and 
A and Q are constants obtained from diffusion 
measurements. 


Then the absolute temperature required to remove 
banding should be given by : 
0 -4343Q 
Log,o4 — log,;»D = — pr 
0 -4348Q 
R(logyoA — log,oD) 
According to Wells and Mehl,’ for a steel containing 
0-34% of carbon and 2% of manganese (which is the 
composition of steel G136) : 
66,000 
a 


T w= 


D = 0-945e 


For the experimental conditions under considera- 
tion, in equation (4) : 
t = 7200 sec. 21~ 0-005 cm. 
(0 -0025)2 
; 23: chili dees 
D = 0-233 x 7300 


= 2-02 x 10-° 
From equation (6) : 
0 -43843 x 66,000 
~ 2(1 -9754-10 -3054) 


= 1480° K. 
= 1210° C. approx. 


‘j" 


It is of interest to note that this temperature would 
be increased to 1260° C. either by increasing f from 
10 to 100, or by increasing the band spacing 2/ in 
the ratio 1-4 to 1. This temperature (1210°C.) is 
in reasonable agreement with that found experi- 
mentally (see Figs. 4, 5, and 6). 

From the formula it is clearly likely to be difficult 
to remove segregation from large ingots. If / is of 
the order of, say, 0-25 cm., it would take 20,000 hr. 
at 1210° C. to even-out the manganese concentration 
in the steel. 

The closeness of agreement between the calculated 
and the observed temperatures to remove the man- 
ganese segregation may be partly fortuitous in view 
of the approximations made, and the fact that two 
quantities used in the calculations—the decrease in 
the band amplitude (for which a factor of 10 has been 
assumed) and the distance between the bands 2/— 
can be estimated only very roughly. Nevertheless, 
in view of the strong temperature variation of the 
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diffusion coefficient of manganese, the calculated 
temperature is unlikely to be very badly out. 

It will be noted that in all the steels examined the 
temperatures required to remove banding are of the 
same order, t.e., 1200-1350° C. No example has yet 
been found of the concentration of one element being 
levelled out by a high-temperature treatment with 
another element present in the steel still remaining 
segregated. 

The diffusion constants of only manganese, nickel, 
and molybdenum appear to have been accurately 
determined in steel in the austenitic state. Nickel 
segregation is very difficult to detect by micro- 
radiography, as the absorption coefficient of nickel is 
not sufficiently higher than that of iron with any 
X-radiation to enable segregation to be distinguished. 
Molybdenum has a higher absorption than iron with 
all X-radiations suitable for picking out segregation 
of other elements, such as chromium, manganese, etc., 
and so masks the presence of such elements which 
may be segregated in the same areas as the molyb- 
denum. 

A point which arises from equation (2) is that the 
removal of segregation proceeds exponentially, and 
the time and temperature required to reduce the 
amplitude of the concentration variations by a factor 
of 10 have been somewhat arbitrarily considered. 
Whilst this factor is a reasonable estimate for the 
apparent disappearance of banding, as shown by 
micro-radiography, it may be possible, under some 
circumstances, to detect much smaller variations of 
concentration by microscopic methods. 


CORRELATION OF MICRO-RADIOGRAPHIC AND 
METALLOGRAPHIC RESULTS 

As already noted with the 11-5°% chromium steel, 
the alloy-rich bands may sometimes appear light, 
and sometimes dark, in the photomicrograph. In the 
as-received condition this steel had been softened, 
after rolling, by slow cooling and transforming in the 
pearlite range, and in this condition the chromium- 
rich bands were dark-etching. After partially remov- 
ing the banding by the treatment at 1270°C., the 
steel was air-cooled and tempered at 650°C.; the 
chromium-rich bands were then light-etching (Fig. 2). 
Another sample in the as-received condition was 
water-quenched from 1070° C. ; this treatment resulted 
in a completely martensitic structure. In spite of the 
fact that the structure was homogeneous, the etched 
sample still showed banding (see Fig. 12a), possibly 
due to the variation of the martensite transformation 
temperature with the different chromium contents 
in the different bands, although the variation of 
chromium content per se may have an effect on the 
etching response of the different bands. No micro- 
radiograph was taken of this sample, but cracks in 
the specimen enabled the same area to be located 
after a tempering treatment at 750°C. The previous 
light bands now appear dark (see Fig. 12b). It is 
clear, therefore, that whether a band appears light 
or dark in the photomicrograph does not depend only 
upon whether the particular band is rich or poor in 
alloy, but also upon the treatment given to the steel, 
even when the same etchant is used. 

A sample of a 14° Cr—Mo-V steel which had been 
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cut from a large forging given little reduction from 
the ingot, gave a good example of the effect of alloy 
segregation in producing different structures in the 
steel. 

The composition was as follows : 


C 0 -49% Cr 1 -56% 
Si 0 -43% Mo 0 -48% 
Mn 0-77% V. 0 -28% 


Ni 0-16% 

The }-in. dia. specimen had been air-cooled from 
940°C. The photomicrograph (Fig. 13a) shows that 
the steel has partially transformed to bainite, the 
remainder being martensite. Micro-radiographs with 
various X-radiations indicated, by comparison with 
the photomicrograph, that the bainitic areas were 
low in alloy, and the martensitic areas rich in alloy, 
and hence of higher hardenability. Figure 13b shows 
the micro-radiograph taken with Fe K radiation. The 
light areas in the photograph are rich in chromium 
and molybdenum. 

In this particular case the specimen was cooled at 
a critical rate so that different metallographic struc- 
tures were produced in the alloy-rich and alloy-poor 
regions of the steel by virtue of the different hardena- 
bilities of these regions. Although improved contrast 
between alloy-rich and alloy-poor regions may have 
been obtained in this way in the photomicrograph, 
the segregation could still be plainly seen in specimens 
of the same steel which had been water-quenched 
(martensitic structure throughout) er cooled slowly 
through the intermediate range to give a completely 
bainitic structure. Similar results were obtained with 
the 11-5% chromium steel shown in Fig. 12a and 
in steel G663 after water-quenching. Although both 
were completely martensitic the segregation was 
easily detected metallographically. 

DISCUSSION 

On the whole, the photomicrographs and micro- 
radiographs are in agreement as to whether banding 
is present in a steel, and also on the extent to which 
it has been removed by a high-temperature treatment. 
In addition, micro-radiography affords information 
as to which elements are segregated, although in 
certain cases of complex steels, where for example 
molybdenum is segregated, it is very difficult to be 
certain whether or not other alloying elements are 
also segregated in the same areas. 

The results reported in the present paper provide 
a strong indication that banding, as detected by the 
microscope, is associated with the segregation of the 
various alloying elements, such as manganese, chro- 
mium, and molybdenum, but it should be pointed 
out that the possibility that banding is associated with 
segregation of, say, phosphorus or oxygen, cannot be 
definitely excluded, since segregation of these elements 
cannot be detected by micro-radiographic methods. 


- However, to explain the observed results it would 


be necessary to assume that such elements diffuse at 
the same rate in steel as manganese, chromium, etc. 

Although the banding could be removed by a high- 
temperature treatment at 1200-1350° C. in all cases 
investigated, in several of the steels the necessary 
temperatures resulted in overheating of the steel, so 
that this method of removing banding cannot be 
considered of practical interest. 
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The high temperatures which are necessary to 
remove manganese banding are of interest in con- 
nection with the results reported by Wolfe‘ in the 
discussion on Betteridge and Sharpe’s paper. Wolfe 
claimed to have caused manganese segregates to 
disappear almost completely by diffusion by a treat- 
ment at 625°C. In view of the strong variation of 
the diffusion constant with temperature, and on the 
basis of the present authors’ results, several hundred 
years would be required to remove these segregates 
at 625°C. The present authors attempted to repeat 
Wolfe’s results with a steel of the following analysis : 


C 0 -33% Ni 3 28% 
Si 0 -27% Cr 0 -86% 
Mn 0:-6% Mo 0-10% 


The second tempering treatment caused no change 
in the appearance of the manganese segregates. 
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AN EXAMINATION OF THE THIOCYANATE POROSITY TEST FOR TINPLATE* 
By J. Pearson and W. Bullough 


Mr. W. E. Hoare and Mr. K. W. Caulfield (Tin Research 
Institute) wrote: We have read this paper with great 
interest and would like to raise certain points of detail 
connected with the modified testing technique proposed 
by the authors, and also to indicate the trends of certain 
relevant investigations carried out in our laboratories. 

Our interest in this work derives from the fact that the 
original thiocyanate test of Kerr has been used consider- 
ably by us, with varying success ; and from the basic 
fact that the problem of ‘ quality testing’ of tinplate 
is one of the most vital fields for tinplate research. 

We have been using the modified testing technique 
regularly for some months and find it convenient and 
reliable. Its application to electro-tinplate may, however, 
require further consideration, and some observations 
on this point are made later in this contribution. 

Control of Reagents—We had occasion recently to 
study the effects of varying acetic acid concentrations 
on the observed thiocyanate value. Concentrations of 
0-5, 1-5, 2°5, 4-0, and 6-0% acetic acid were used, and 
apart from the 0-5% concentration which gave a low 
result, no significant variation in thiocyanate value was 
observed. It is implicit in this result that, provided 
reasonable care in making up is used, analytical control 
is probably unnecessary for the acid reagent. 

In another connection, experiments were carried out 
on the substitution of sulphuric acid for acetic acid as the 
attacking reagent. Sulphuric acid appears to be unsuitable, 
as small alterations in composition affect the observed 
thiocyanate value considerably. It is interesting to 
observe too, that when using 2-5 vol.-% sulphuric acid 
as the attacking reagent, no red coloration is produced, 
but the tin surface is etched and tin can be detected 
in the solution with dithiol. It is only with very low 
sulphuric acid concentration (0-02-0-40 vol.-%) that 
the ferric thiocyanate colour is produced, maximum 
attack occurring in the range 0-04—0-06 vol.-%. 

Cleaning before Testing—In their modified procedure, 
the authors reject cathodic electrolytic treatment as a 
means for cleaning the specimens before testing, for the 
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general reason that the tinplate surface after cathodic 
cleaning is not simply the original surface with the grease 
removed. They correctly point out that cathodic treat - 
ment will reduce oxides, etc., both at the tin surface 
and at steel surfaces exposed at pore sites. The solvent 
cleaning procedure recommended by them appears 
admissible for hot-dipped tinplate, but in the case of 
electrolytic tinplate further consideration may be 
required. 5 

Complications may arise from the fact that, during 
the course of its manufacture, electro-tinplate is normally 
subjected to a protective filming operation. The 
object of filming is to improve the stoving, soldering, 
and corrosion properties of the plate, and normally 
involves passing the flow-melted electro-tinned strip 
through an aqueous oxidizing solution. Solutions 
usually contain chromates and/or phosphates and may 
be acid, alkaline, or neutral. In some cases the filming 
action is promoted by electrolytic action. 

Such filming treatments may significantly affect the 
observed thiocyanate value as the following tests show : 
A number of specimens were cut from a single sheet of 
nominal C24 hot-dipped tinplate, and lots of eight 
specimens were selected randomly. One lot was tested 
in the as-received condition, while a second lot was 
tested after filming by the Protecta-tin process.t In 
both casés the specimens were solvent-degreased in the 
usual manner before testing. The mean thiocyanate 
value for the filmed plate was 0-048 mg. of iron per 
square decimetre, as compared with 0-665 for the as- 
received plate. 

A further series of tests was carried out on commercial 
electro-tinplate of nominal C8 quality and which was 
believed to have been filmed by immersion in dilute 
chromic acid. The mean figures obtained are as follows : 





*Journal of The Iron and Steel Institute, 1948, vol. 160, 
Dec., p. 376. 

+R. Kerr, Journal of the Society of Chemical Industry, 
1946, vol. 65, p. 101. 
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Thiocyanate 
Value 
(mean of 8) 
Solvent degreased only 2 -24 
Solvent degreased, ad boiled for 
3 min. in distilled water 2-45 
Cathodic treatment only ... 4-88 
Cathodic treatment, then boiled for 
3 min. in distilled water . 1-40 


It is observed that cathodic treatment increases the 
thiocyanate value to about double the as-received 
value. The two series of tests involving boiling in 
distilled water before testing, were included to cover 
any possible effects of hydrogen absorption during 
cathodic treatment. Boiling appeared to increase some- 
what the scatter of individual results, but no significant 
differences between the mean figures for boiled and 
unboiled specimens are observed in this case. There 
would seem to be little doubt that cathodic treatment 
has effectively removed any film present, and that a 
considerable difference may be expected between thio- 
cyanate values of commercial electro-tinplate according 
to whether it is cleaned, before testing, by solvent or 
by cathodic means. 

Further tests have shown that different filming 
treatments affect observed thiocyanate values to different 
degrees. In fact, the value may be multiplied by factors 
ranging from x 1 (no effect) to x 0-1 (alkaline phosphate— 
chromate filming on hot-dipped plate). It is therefore 
possible to conclude : 


(1) That the observed thiocyanate value of tinplate, 
as determined by the authors’ modified procedure, 
is significantly affected by certain recognized and 
commercially used filming treatments. 

(2) In view of the fact that electro-tinplate is 
usually filmed during the course of its manufacture, 
electrolytic plate should be cathodically cleaned and 
boiled in distilled water before testing. It would 
seem to be desirable also that hot-dipped plate should 
be similarly treated in cases where the results obtained 
are to be compared directly with results on electro- 
tinplate. 

(3) In routine testing of hot-dipped plate, the 
procedure recommended by the authors is reliable and, 
as they point out, may give a better pointer to the 
properties of the plate in the state in which it is used. 
It is possible, of course, that ‘ accidentally ’ produced 
films on hot-dipped plate may affect the thiocyanate 
value, and this possibility should, we think, be borne 
in mind when using the solvent degreasing technique. 
We have not obtained any direct experimental evidence 
which proves or disproves this last point. 


Test Results—Reverting to the numerical results 
obtained by the authors, it is extremely interesting to 
us to observe the good agreement between the porosity/ 
coating-thickness relation established from their results 
and that established some eleven years ago by the rather 
arduous and less convenient hot-water test technique. 

In conclusion we would like to congratulate the authors 
on a most interesting and valuable paper which has 
proved of considerable assistance to us in our researches, 
and which makes an important contribution to the 
solution of the problem of quality-testing of tinplate. 


AUTHORS’ REPLY 


Dr. Pearson and Mr. Bullough (in reply) wrote: 
We thank Mr. Hoare and Mr. Caulfield for their contri- 
bution and would make the following comments in reply. 

It has been ascertained, since the original paper was 
published, that the concentration of acetic acid is not 
critical. Sufficient must be present to maintain the pH 
of the solution low enough to prevent deposition of 
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ferric hydroxide ; otherwise low results are found. The 
remarks about analytical control of the acetic acid 
concentrations are therefore valid. 

We have not tried the effect of sulphuric acid instead 
of acetic acid, but have used an ammonium-sulphate/ 
acetic-acid/hydrogen-peroxide mixture. With this, we 
find less red colour, on adding ammonium thiocyanate, 
than corresponds to the iron actually in solution. 
This has been attributed to the formation of stable 
ferric sulphate complexes. Something of the same kind 
probably occurs when the acetic acid is replaced by 
sulphuric acid. 

Our recommended method of cleaning will obviously 
have to be reconsidered when dealing with tinplate 
which has been subjected to filming treatment. Whether 
cathodic reduction, followed by boiling in water, is 
appropriate we are not prepared to say at the moment. 
It is true that the same procedure can be applied to 
both filmed and unfilmed plates, but just as a hot-dipped 
plate subjected to this type of cleaning cannot be con- 
sidered as simply the original material with the grease 
removed, neither can a tinplate which has been phos- 
phated or chromated and then reduced be considered 
as the original plate with the film removed. Some 
sort of compromise will be necessary. 





A KNOCK-OUT UNIT FOR MECHANIZED 
FOUNDRIES 


In nearly all mechanized plants installed in foundries 
some difficulties are encountered in the handling of 
moulding boxes and castings at the knock-out station. 
To minimize these difficulties British Railways have 
developed a unit, illustrated in the accompanying dia- 
gram, incorporating a Sherwin electromagnetic vibrator. 

The moulding boxes (a) are transferred from the mould 
conveyor (b) by a pneumatic pusher (c) to the vibrating 
shake-out (d). The sand and castings fall from the boxes 
on to the grid of the trough mounted on the vibrator, 

















the sand falling through the grid on to the sand return 
belt (e), and the castings travelling forward along the 
grid on to the conveyor (f) which discharges them into 
skips attached to the cooling conveyor. The moulding 
boxes, which are positioned on the trough by means of 
guide strips, travel to the conveyor (g) for return to the 
moulding machines. The guide strips fitted to the boxes 
also serve as a protection against wear of the bottom face. 

Three such units are to be incorporated in the chair 
and brake-block mechanized plants now being installed 
at Horwich locomotive works in the London Midland 
Region. 
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Part IL-a% + B ALLOYS AND ISOTHERMAL SECTIONS OF THE PHASE 


EQUILIBRIUM DIAGRAM 
By A. J. Bradley, M.A., D.Sc., F.R.S. 


SYNOPSIS 


Késter’s miscibility gap between the «, face-centred cubic phase, and the 8, body-centred cubic phase 
fields of the Fe-Ni-Al system is now found to consist of five separate regions, and not merely three, as Bradley 
and Taylor had previously thought as the result of X-ray work only. The ordered phase fields, «’ (Ni,Al) and 
B’ (NiAl), account for the existence of three separate duplex regions, « +- 8,a -+ B’ and «’ + ’, separated 
by the three-phase regions~ + 8 + f’ anda -}- «’ + £’, respectively. At the melting point, the three-phase 
regions are extremely narrow, but they open out rapidly as the temperature falls. The « + 8 region is con- 
nected with both the Fe-Ni and the Fe-Al systems, and therefore forms a common bond between the ‘open’ 
and ‘closed ’ types of diagram. At the melting point, thea + 8 region forms a peritectic system in con- 
nection with the Fe-Ni system. The « + ’ region is a eutectic system, while the «’ -+ p’ region forms 
another peritetic, to join up with the Ni-Al system. At the transition points, where the three-phase regions 
intersect the solidus and liquidus, four-phase reactions occur, as follows : 

At 1380° C., liq. + a’—>«a + f’, at 4 Fe, 23 Al (at.-%) 

At 1350°C., liq. + B a+ f’, at 67-5 Fe, 12-5 Al (at.-°.,) 

At 1340° C., there is a minimum in the liquidus and solidus at 50°., Fe in the x + 8’ region. 

lIsothermals have been constructed, from 1350° C. downwards, at intervals of 100° C., to illustrate the 

progressive widening of the « + f, « ++ B’ and a’ ++ —’ gaps as the temperature falls. Photomicrographs are 
reproduced to illustrate the widening of the gap. They clearly show the characteristic two-phase patterns 
obtained after adequate heat-treatment at all temperatures from 1250° C. downwards, from alloys in the 
a-+ B,a-+ PB’ anda’ + B’ gaps. Later papers will illustrate microsections from the other two-phase regions, 
together with the corresponding three-phase triangles. 





Introduction 


rN spite of many publications on this system, a 
satisfactory equilibrium diagram has not pre- 
viously been produced. It was therefore decided 

to make a thorough investigation of all alloys con- 

taining less than 50 at.-°/, Al, using quenched micro- 
sections, from 1350° to 750° C., at temperature 

intervals of 100° C. 

Three main processes are taking place. Firstly, 
there is a widening of the «+ 6 miscibility gap 
between the a, face-centred, and the 8, body-centred, 
cubic phase fields, which takes place as the tempera- 
ture falls. This was first reported, as long ago as 
1933, by W. Késter,! who was not aware that any 
other process occurred. Secondly, the body-centred 
cubic alloys develop a two-phase (8 + 8’) field, 
independently of the face-centred cubic alloys. This 
was discovered by Bradley and Taylor,? using X-rays 
(Fig. 38), and independently by Kiuti,® and is the 
cause of the high coercivity’ of the permanent- 
magnet alloys.>6 Considerable controversy arose, 
but it has now been accepted by Dannohl’ that 
KGster’s results may be reinterpreted to give the 
type of diagram suggested by Bradley and Taylor. 
Thirdly, the phase diagram is further complicated by 
the decomposition of the face-centred cubic lattice, 
which itself breaks up into two phases as the tempera- 
ture is lowered. Although this appears to have little 
or no influence on the problem of permanent 
magnets, it is of vital importanee for the study of 
the phase equilibrium diagram. 
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This paper deals only with the widening of the 
a -+ 8 miscibility gap between the « and 8 phase 
fields. Full accounts of the opening of the 8 + 8’ 
and the « +- «’ miscibility gaps in the body-centred 
and face-centred cubic phase fields will be published 
separately, as these contain many special features of 
interest. Further attention will also be devoted to 
the reactions which occur in the « and the 8 phase 
fields, and to a comparison between the X-ray and the 
microscopic results. 

BETWEEN 


THE WIDENING 


THE « 


MISCIBILITY GAP 
AND sp PHASES 

W. Koster! showed that there were two single- 
phase areas in the Fe-Ni-Al system, separated by a 
two-phase miscibility gap. This is narrowest at the 
melting point, and widens as the temperature falls. 
The first object of the present research was to in- 
vestigate, as closely as possible, the miscibility gap, 
using the microscopic method, alloys being quenched 
from 1350° C. downwards at temperature intervals of 
100° C. 

An inspection of the photomicrographs shows that 
the difference between the single-phase, « or 6, and the 
two-phase, « + (3, alloys can readily be detected. A 
thermal equilibrium diagram can then be constructed 
exactly as Koster has done. The results were made 
as accurate as possible by using alloys prepared at 





Manuscript received 9th February, 1949. 
Dr. A. J. Bradley, F.R.S., is a member of the B.S.A. 
Group Research Centre. Sheffield. 
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composition intervals of 24% to follow the whole 
course of the single-phase boundaries. It is, of 
course, unnecessary to examine either the interior of 
the single-phase fields or the centre of the two-phase 
gap, except for purposes which will be discussed 
later. The results are best expressed either in the 
form of isothermal diagrams, or as vertical cuts taken, 
for example, with constant Al content. In practice, 
it is found that the former are more readily drawn 
from a consideration of the phase rule, and that the 
latter serve as valuable checks on the exact inter- 
pretation given. The vertical cuts show that the 
solubility limits are steadily restricted as the tempera- 
ture falls, in the manner usually found for binary 
alloy systems. 

At the melting point, the two-phase gap is closed 
either by a eutectic or by a peritectic. The peritectic 
derives from the Fe—Ni system, and the eutectic was 
thought to be connected with the Ni-—Al system ; 
but the actual results are more complicated than 
K6ster thought, as the following considerations show. 


Complications in the « and 8 Miscibility Gap 


Allowance must be made for the order—disorder 
changes which occur and give rise to additional 
phase fields : 


a = face-centred cubic, without order 

w%’ = Ni,Al = Ni,;Fe (nickel at centre of cube 
faces) : 

6 = body-centred cubic, without order 


8’ = NiAl = FeAl (aluminium at cube corners) 


These structures, of course, cannot be identified with- 
out the use of X-rays, but they profoundly influence 
the phase equilibrium diagram, and even the micro- 
scopic results cannot be understood if they are ignored. 
Without prejudice, structures which are suspected to 
be ordered are indicated as «’ and 8’. 

It is then found that there are five separate portions 
to this miscibility gap, three two-phase areas being 
separated by two three-phase areas. These will be 
called « + B,a + B+ B’,a+ B,a+ a’ 4+ 8’, 
and a’ + §’, respectively. 

a + 8 is linked to the Fe—Ni system, and «’ + 8’ 
to the Ni-Al system. The remainder are peculiar to 
the ternary system. The « + § + §’ region is one 
in which a face-centred cubic phase is in equilibrium 
with body-centred cubic phases of two different 
compositions. In the « + « + 8’ region, a body- 
centred cubic phase is in equilibrium with two face- 
centred cubic phases of different compositions. The 
differences between «+ 8B, a+ 8’, and « + §’ 
alloys are less readily defined. Nevertheless, at lower 
temperatures, «’ and {’ alloys are ordered, but it 
cannot be stated with certainty whether this is so 
right up to the melting point. 

In addition, there are two-phase alloys with the 
same structure, either two face-centred cubes, 
a-+ a’, or two body-centred cubes, 8 + 6’. The 
former connect with the binary Ni-Al system ; the 
latter are peculiar to the ternary system : both were 
discovered originally by X-ray means (Bradley and 
Taylor.?) These alloys are, however, not included in 
the miscibility gap discovered by Késter. 
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Dannéhl’s Views 


Dannohl’ explained the Fe—Ni-Al system as a 
transition from the high-temperature state, described 
by K6ster, to the low-temperature state, revealed by 
the X-ray powder photographs of Bradley and 
Taylor. The section Fe—NiAl is not quasi-binary, 
but is influenced by the presence of the austenite 
phase from the Fe—Ni diagram. The three-phase 
triangle, «+ 8+ £$’, is displaced to higher Al 
contents above 600°C. The miscibility gap in the 
section Fe—NiAl does not stretch as far as NiAl, as 
proposed by Snoek.§ Dannéhl supported these views 
by reference to Késter’s earlier experimental work, 
but it is fair to state that the data are inadequate for 
the purpose, so that his proposed equilibrium diagram 
is not by any means accurate. 

Of much more importance are Dannoéhl’s views on 
the solidus and liquidus. Starting from Késter’s data, 
he deduced that a four-phase reaction must occur if 
the 8 + £’ miscibility gap, discovered by Bradley 
and Taylor, and by Kiuti, stretched to the melting 
point. This should occur at 1350°C: 


Liq. + Beat B’. 

Above this temperature the peritectic reaction, 
liq. + 6 =«, connects with the Fe—Ni system, while 
the reaction, liq. = 6 + £6’, forms a sink, connecting 
with a saddle-point at 1375° C. in the 8 + liq. area. 
Below 1350° C. the reaction, liq. = a + ’, reaches a 
minimum at 1320°C. Dannéhl was wrong in stating 
that the last reaction joins on to the Ni—Al system, 
since this is not in keeping with the latest diagram, 
due to Alexander and Vaughan.® He also gives an 
indication of the trend of the solidus and liquidus 
curves, based on Koster’s data. An attempt has been 
made to incorporate these curves in the present work, 
since no facilities were available for a redetermination 
of the solidus and liquidus above 1350°C. Certain 
modifications were necessary to fit the microscopic 
results, which mainly had the effect of raising the 
temperatures by about 20° C. 


EXPERIMENTAL 


The general scheme of research was to make up 
alloys at intervals of 2} at.-% on either side of the 
boundaries of the single-phase fields. Generally, 
only those alloys were made up which would 
show a change between two successive temperatures, 
and further heat-treatments were applied only when 
some transformations of importance were taking 
place. Thus, a large amount of experimental work 
was carried out without unnecessary redundancy. 
The object of the research was, therefore, to trace 
movements of the phase boundaries to an accuracy 
within 0-5 at.-°4, by making microscopic examina- 
tions from 750° C. to 1350° C., at intervals of 100° C. 
Much greater accuracy cannot be attained with the 
method of experimentation used, and with this 
accuracy, further chemical analyses were unnecessary, 
since there is already enough information, from work 
on the binary system Ni-—Al carried out by Bradley 
and Taylor, to show that alloys can be made well 
within this limit, except when the melting point is 
very high (7.e., near NiAl). 
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Each alloy was made up from the pure elements ; 
Hilger iron, Hilger nickel, and aluminium from the 
British Aluminium Company (99-99%), and from 
Aluminium Frangaise (99 -997°), were used. Charges 
of 30 g. were melted in a high-frequency induction 
furnace, under a small pressure (10 cm.) of hydrogen, 
the gas being pumped off before the metal had time 
to solidify. Alumina-lined crucibles were used. The 
alloys were then lump-annealed at 1300° C. for two 
days, and, after cooling, were sawn into four or more 
portions, each portion being subsequently heated at 
the required temperature for a stated time and then 
quenched in brine. The lump annealing (homogeniza- 
tion) was carried out in batches of seven alloys at a 
time, the most suitable compositions being selected 
from the results of previous experiments. 

The chosen times of heat-treatment were based 
upon the following considerations. At high tempera- 
tures, the different phases are present in fairly large 
grains, which suggests that equilibrium has been 
attained. This may be due partly to the prior treat- 
ment, at 1300°C., to remove coring, so that the 
results at this temperature are especially trustworthy. 
The time of heat-treating the smaller portions selected 
for the microscopic examination, was 1} hr. at 
1250° U. As the temperature falls, diffusion becomes 
more and more sluggish. An arbitrary multiplying 
factor of 4 was used for every fall in temperature of 
100°C. Even with this factor, the precipitate 
became progressively finer as the temperature fell, so 
that at 750° C. the results were scarcely within the 
limits of microscopic examination, although the 
time of heat-treatment was nine weeks. 

It is not claimed that absolute equilibrium was 
attained in every case, but it was quite clear, 
from the changes observed, that a sufficiently close 
approximation had been reached for the purpose 
of fixing a preliminary diagram, although, if more 
accurate information is required for special com- 
positions, some more precautions must be taken. 
Table I gives times and temperatures of heat-treat- 
ment. 

The scheme is perfectly standard and, for that 
reason, it is particularly suitable for a general in- 
vestigation, where reliance is placed upon the cumula- 
tive evidence from many alloys, rather than on special 
information from any one alloy. 

Etching 

The standard reagent, Rosenhain’s solution, was 
used for etching. The advantage of this solution is 
that it gives very great contrast, and is suitable at all 
compositions. It was not found possible to standard- 
ize the times of etching, some alloys having shown a 
well-defined pattern in a very few seconds, while 
others required several] minutes. 


Table I 
TIMES AND TEMPERATURES OF HEAT- 
TREATMENT 

Temperature, °C, Time 
1350 30 min. 
1250 90 min. 
1150 6 hr. 
1050 1 day 
950 4 days 
850 16 days 
750 9 weeks 
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Generally, it is found that body-centred cubic 
structures etch readily, while face-centred cubic 
alloys are more difficult to etch. The conclusion 
would be, therefore, that a two-phase alloy would 
show the body-centred cubic constituent to be black, 
and the face-centred cubic constituent to be white, 
but, unfortunately, the actual position is much more 
complicated. In some cases the body-centred cubic 
phase appears to be the more resistant to attack, so 
that occasionally it does not etch so darkly as the 
face-centred cubic phase. A safe rule is that the 
Fe-rich constituent etches black, and the Ni-rich 
constituent etches white. 

A further complication is that separate grains of 
the body-centred cubic phase may etch very differ- 
ently, some being quite black, while others remain 
completely unattacked, the difference depending 
entirely on the orientation of the grains. The face- 
centred cubic alloys etch darkly only if they trans- 
form to the body-centred cubic phase during quench- 
ing. Where the austenitic structure can be preserved 
during quenching, i.e., with more than 25% of Ni, 
the alloys are very resistant to attack, except when 
they break down into two phases. Even then the 
times of etching need to be greatly prolonged. 


RECOGNITION OF SIMPLE TWO-PHASE ALLOYS, 
o B,a + B’ AND a’ + B’ 

It is easy to determine if such alloys are two- 
phase or single-phase. It is vitally necessary to 
decide whether they are two-phase or three-phase. 
At first sight this might be thought to present no 
serious difficulty, but the conflicting claims of 
Késter (who claimed that all such alloys were two- 
phase), and of Kiuti® (who claimed almost the reverse), 
show the necessity for arriving at a decision. 
Dannohl’ appears later to have supported Kiuti’s 
claims, though using Késter’s data ! 

A difficulty arises from the diverse nature of the two- 
phase alloys, which, however, admits of a compara- 
tively simple explanation. The two-phase alloys 
may be divided in the following way : 

(i) « + § alloys, linking on with the Fe-Ni system 
(ii) « + 8’ alloys, in the ternary system only 
(iii) «’ + 8’ alloys, linking on with the Ni-Al 
system. 

The « + 8 alloys are mostly large grained, and all 
are most irregular in outline, many showing a sharp 
contrast in darkening. The « 8’ alloys are of 
different types, and they cannot be distinguished 
from «+ 8 with absolute certainty. Where « is 
precipitating from #8’, or 8’ is precipitating from «, 
the crystals are usually somewhat irregular in shape. 
There are, however, some cases where the (’ precipi- 
tate is lenticular, and follows a definite orientation. 
Very often §@’ precipitates « in characteristic slabs 
in the grain boundaries. In general, « +- 8 alloys are 
distinguished from «+ 8’ alloys by the greater 
irregularity of the precipitation. A further difference 
is that Bis usually, but not always, darker than «, but 
a is never darker than 8. On the other hand, 8’ may 
be either lighter or darker than «, but usually there 
is very much less contrast. 

To distinguish « + 8’ from «’ + §’, certain char- 
acteristic markings in the §’ grains can be relied 
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on, these being present only when the «’ phase 
precipitates. They are found neither in the pure #6’ 
state, nor when « is precipitating from 6’. These 
facts seem difficult to explain. 

The principal evidence for the breaks is obtained 
from two sources: from the discontinuities in the 
phase boundaries at the apices of the three-phase 
triangles at high temperatures; and from the direct 
evidence from the three-phase alloys, especially at 
lower temperatures. 


DESCRIPTION OF THE PHOTOMICROGRAPHS 


A definite family resemblance can be recognized in 
alloys belonging to the same two-phase field, from 
whatever temperature they have been quenched, even 
though the compositions vary considerably. To 
facilitate the comparison, a series of thirty-one photo- 
graphs is shown, of thea + 8, « + 8’, a’ + 8’ phase 
fields, after quenching from different temperatures. 

a + B Alloys 

The first eight photographs are of « + 6 alloys, 
containing 85% and upwards of Fe. These are 
logically derived from the two-phase alloys of the 
Fe-Ni system. The first example, shown after nine 
weeks’ heat-treatment at 750° C., clearly indicates a 
normal duplex structure unlike anything previously 
published for the Fe—Ni system. 

On adding Al, perfectly formed « + § structures 
may be obtained at higher temperatures, although 
the two-phase field becomes extremely narrow before 
the melting point is reached, even with the addition 
of considerable amounts of Al. It is to be observed 
that the microstructure is very irregular in, every 
case, there being no apparent sign of the mutual 
orientation of the two phases, and, moreover, it is 
quite coarse, being readily observed, with magnifica - 
tions between 100 and 250, as huge jagged masses. 

Fig. 1—Fe 94%, Ni 6%, 750°C. « + 8. Here the 
alloy has segregated into two distinct compositions, 
mainly of « phase. An X-ray powder photograph 
would have shown the body-centred cubic structure 
only, with no indication of the two-phase structure, 
since the « phase is not retained on quenching. 

Fig. 2—Fe 95%, Ni 2-5%, Al 2-5%, 950°C. a + 8. 
The « phase is white, the 8 phase is grey. The alloy 
should transform from « to fs during cooling, but here 
it has been caught in an intermediate state. A 
problem arising in connection with these binary 
alloys, is the direction of the tie-lines. At 850° C. 
the « + 6 region is an extension of the Fe—Ni binary 
system, and the tie-lines may possibly run along 
lines of constant Al content. This would give con- 
tinuity up to about 8% of Al, the « phase containing 
more Ni, and the § phase containing more Fe. How- 
ever, a difficulty arises when we consider the 950° C. 
isothermal. Here the « + 8 duplex region links up, 
not with the Fe—Ni system, but with the Fe-—Al 
system, where the « phase and not the $ phase has 


the greater Fe content. However, in order to connect 


the Fe-Al system with the three-phase triangle, 
«-+ 8+ 6’, it is necessary for the tie-lines to turn 
through nearly 120°: at what point does this occur ? 
Is it possible that a small three-phase triangle is inter- 
posed ? In any case, the detail in this photograph 
indicates a complexity of structure that would not be 
expected from a straightforward « + 6 alloy, an « 
phase with a second composition possibly being 
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precipitated from the background at the same time 

as the main « constituent. The shortest distance 

across the two-phase gap is along a direction of 
constant Fe content. 

Fig. 3—Fe 92-5%, Ni 5%, Al 2-5%, 750° C. a + B. 
The « phase is white, the 8 phase is grey : a character- 
istic two-phase alloy. A peculiar feature is that the 
matrix consists of the 8 phase. This is due to the fact 
that the whole structure changes from « to ,, during 
the original cooling, and the « phase is precipitated 
later, on re-heating. 

Fig. 4—Fe 90%, Ni 5%, Al 5%, 950°C. a + 6. 
This photomicrograph represents a stage in the transi- 
tion from the « to 8 structure, in which the « phase still 
predominates. 

Fig. 5—Fe 90%, Ni 5%, Al 5%, 850°C. B + x. 
At the lower temperature the alloy is mainly trans- 
formed into 8 phase, the residual « phase consisting 
only of isolated patches. 

Fig. 6—Fe 87-5%, Ni 7-5%, Al 5%, 750°C. 8B + a. 
A very striking photograph. There is an excellent 
contrast between the dark, 8 phase, background and 
the white, « phase, constituent. It will be noticed 
that the dark constituent varies in shade from black 
to grey, indicating different orientations in the § phase. 
This means that the 8 phase bears no crystallographic 
relation to the large-grain ~ phase, from which it was 
derived. 

Fig. 7—Fe 85%, Ni 7-5%, Al 7-5%, 1050° C.a + 8. 
This shows a transition in the alloy from the centre 
of the phase field, at 1050°C., to a point nearer 
the 6 phase side of the gap shown in Fig. 8. The (3 
phase etches darker than the % phase at 1050° C. 

Fig. 8—Fe 85%, Ni 7:5%, Al7-5%, 950° C. B +- x. 
Here the « phase, on redissolving in the 8 phase, shows 
jagged outlines like those of an eroded coastline, and is 
characteristic of this alloy. 

To summarize, all the « + § alloys containing more 
than 85% Fe show somewhat similar microstructures. 

Fig. 9—Fe 80%, Ni 12-5%. Al 7-5%, 850°C. « + B. 
The « phase is grey, the 8 phase is black. This alloy 
is near the centre of the two-phase region, having 
crossed the « boundary at about 920°C. The appear- 
ance is different from those hitherto recorded, the dark 
patches of the 8 phase being on a much smaller scale, 
but the irregularity of the structure is still noticeable. 

a + p’ Alloys, « Precipitating —’ 

The following photomicrographs, which belong to 
the « + 8’ re-ion, represent alloys which are on the 
a side at high temperatures, but deposit 8’ phase 
on cooling. 

Fig. 10—Fe 72-5%, Ni 20%, Al7-5%, 850°C. a + B’. 
The matrix consists of the x phase, the 8’ phase being 
precipitated in irregular grains. The alloy is just 
beginning to precipitate the 6’ phase, on a rather 
fine scale. 

Fig. 11—Fe 72-5%, Ni 20%, Al 7-5%, 760° C. 
a + 8’. Here the amount of precipitate has con- 
siderably increased, and the structure is rather 
remarkable ; quite unlike anything in the « 4+- 8B phase 
field. 

Fig. 12—Fe 65%, Ni 225%, Al 12-5%, 1250° C. 
a + 6’. Here the alloy is almost pure «, 6’ forming 
only small isolated patches. The mottled appearance 
of the background is due to the spontaneous trans- 
formation. It will be noticed how much finer is the 
precipitate than is that of the Fe-rich, % + B alloys. 
The one large black pool in the centre of the photo- 
graph has been especially selected to show this effect, 
which is due to the fact that a small amount of the B’ 
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Fig. 7—Fe 85%, Ni 7-5%, Al 7-5%, 1050° C. Fig. 8—Fe 85%, Ni 7-5%, Al 7-5%, 950°C. 
a+ Bp <x 100 B+ < 100 


Figs. 1-8 show the similar structures of « + 8 Fe—Ni-Al alloys with more than 85°, of iron quenched 
at different temperatures 
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Fig. 9—Fe 80%, Ni 12-5%, Al 7-5%, 850° C. Fig. 10—Fe 72-5%, Ni 20%, Al 7-5%, 850°C. 
a+ B < 3000 a+ p’ x 3000 





Fig. 11—Fe 72-5%, Ni 20%, Al 7-5%, 750°C. Fig. 12—Fe 65%, Ni 22-5%, Al 12-5%, 1250° C. 
a+ p’ x 4000 a+ p’ < 500 





Fig. 13—Fe 65°,, Ni 22-5%, Al 12-5, 1150° C. Fig. 14—-Fe 65°, Ni22-5%, Al12-5%, 1050° C. 
a+ p’ « 500 o F < 750 





Fig. 15—-Fe 65%, Ni 22-5%, Al 12-5%, 950°C. Fig. 16—Fe 65%, Ni 22-5%, Al 12.5%, 850°C. 
a Bp’ <x 1000 a+ p’ x 2000 


Figs. 10-16 show the difference in size between the §’ grains as they are ejected from the « matrix on 
cooling 

















Fig. 17—-Fe 62 -5%, Ni 22-5°,, Al 15%. 1050° C. Fig. 18—Fe 62.5%, Ni 22-5%, Al 15°, 850° C. 
rg or 


~ 1000 a +f < 2000 
_— - 
eo 4 
Yr ? AY, bg 
a 


Fig. 19—Fe 60°, Ni 25%, Al 15°, 1250°C. Fig. 20—Fe 60%, Ni 25%, Al 15°, 1250° C. 
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Fig. 21- re 60%, Ni 25%, Al 15%, 9a0° GC. Fig. 22—Fe 60%, Ni 25%, Al 15%, 850°C. 
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Figs. 12-22 show «+ f’ Fe-Ni-Al alloys near the « apex of the «+ £- £8’ three-phase diagram 





Fig. 23—Fe 52-5%, Ni 35%, Al 12-5%, 1150° C. Fig. 24—Fe 52-54, Ni 35%, Al 12-5%, 750° C. 
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Figs. 23 and 24 show the effect of the progressive break-up of the « phase 
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Fig. 25—Fe 50%, Ni 30%, Al 20%, 1250°C. Fig. 26—Fe 30°,, Ni40°%,, Al30°%,, 850°C. p’ + a 
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Fig. 27—Fe 20%, Ni 52-5%, Al 27-5%, 850° C. Fig. 28—Fe 20%, Ni 55%, Al 25%, 850° C. p’+a 
p+ 4 ; x 300 x 500 





Fig. 29—Fe 15°, Ni 57-5°,, Al 27-5°,, 950° C. Fig. 30—Fe 7-5%, Ni -5%, Al 30%, 1050° C. 
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Fig. 31—Fe 2-5%, Ni 67-5%, Al 30%, 1250° C. 

p’ —<- a” x 100 

Figs. 25-31 show a+ §’ alloys of Fe-Ni-Al with the f’ phase precipitating the « phase (Figs. 25-29), 
and the «’ phase (Figs. 30 and 31) 
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phase was already present before heat-treatment at 
1250° C. The proportion is much smaller than is 
indicated by the photograph. 

Fig. 13—Fe 65%, Ni 22:5%, Al 12:5%, 1150° C. 

a -+ B’. Here the extent of the 9’ precipitation in- 

creases as the temperature falls, and considerably more 

is to be seen in this Figure than in Fig. 12. 

Fig. 14—Fe 65%, Ni 22-:5%, Al 12-5%, 1050° C. 

a -+ B’. Here the (§’ phase is still considerably in the 

minority. Again, the photomicrograph is selected to 

show the existence of a larger grain, arising from treat- 
ment at a higher temperature. 
Fig. 15—Fe 65%, Ni 22-5%, Al 12°5%, 950° C. 

a + B’. Here the amount of precipitation has greatly 

increased. 

Fig. 16—Fe 65%, Ni 22-5%, Al 12-5%, 850° C 
Here the 3’ precipitate fills nearly the whole 
of the field, forming about half of the total com- 
position. 

The chief feature of these photomicrographs is the 
great difference in size between the ’ grains, as they 
are ejected from the « matrix. At first sight they 
might be classified as three-phase alloys. There 
is, however, an alternative explanation. The finer 
grains represent the @’ constituent which is thrown 
out of the solution after the alloy has cooled. The 
larger patches are due to the 8’ phase which was 
formed at a higher temperature, but they are partly 
eaten away, owing to the lessening stability of the 
8’ phase, as well as the « phase, at lower tempera- 
tures. Characteristic of this part of the diagram is that 
both « and 8’ phases become less stable as the 
temperature falls, but whereas the solubility limit of 
the « phase field falls all the way, that of the 8’ phase 
increases again at about 1100° C. 

Fig. 17—Fe 62:5%, Ni 22:5%, Al 15%, 1050° C. 
% +B’. Here the alloy solidifies from the region 
B’ + liquid. The large white strips are due to the 
primary 8’ crystals. The remainder is formed from 
the a + §’ eutectic by the further precipitation of 

’ phase from « phase as the temperature falls. The 
thick black lines round the {’ phase show it in relief. 

Fig. 18—Fe 62-5%, Ni 22-5%, Al 15%, 850°C. 
a + On the phase diagram, this alloy appears in 
the three-phase triangle, but, in fact, the interpretation 
is not so simple. The large portions of the precipitate 
are the primary (’ crystals, formed directly from the 
melt. The smaller grains are 8’ particles which have 
precipitated later. There is no indication that the (’ 
phase is breaking down to form a three-phase structure. 
The reason for this will be discussed in a later paper. 

Fig. 19—Fe 60%, Ni 25%, Al 15%, 1250° C. « + 9’ 
This is a remarkable type of two-phase structure, 
showing the distinction between the primary 3’ and 
the a + §’ eutectic. 

Fig. 20—Fe 60%, Ni 25%, Al 15%, 1250° C. ~ + ’. 
This is an enlargement of the eutectic structure, 
which shows clearly that there is a definite relation 
between the orientation in the « matrix and the 
secondary 3’ constituent. 

Fig. 21—Fe 60%, Ni 25%, Al 15%, 950° C. « + 8’. 
At 950°C., the « phase has suffered more decom- 
position, further portions of the 8’ phase being pre- 
cipitated in a similar manner. The primary {’ phase is 
also breaking up internally. 

Fig. 22—Fe 60%, Ni 25%, Al 15%, 850° C. ~ + £’. 
This shows more of the 8’ phase being ejected from 
the « matrix, and the internal decomposition of the 

‘ phase is more clearly indicated; it can be seen, 
however, that the 8’ phase is depositing, not « phase 


’ 
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but 8 phase. This is incorrect from the point of view 
of the phase diagram, so that, although the alloy has 
received 16 days’ heat-treatment, it is not yet in 
equilibrium. 

The series of photographs, Figs. 12 to 22, 
refers to alloys near the « apex of the a + 6 + 8’ 
three-phase triangle. In every case, the results are 
inaccurate by comparison with the phase diagram. 
This is because the tie-lines go straight across from 
the « phase to the 8’ phase by the nearest route, since 
the time of diffusion is shorter. This phenomenon 
will be discussed further in a later paper. 

Fig. 23—Fe 52-5%, Ni 35%, Al 12°5%, 1150° C. 
a + 8’. Here the §’ phase is just being deposited ; it 
follows, to a remarkable extent, the crystal planes of 
the « phase. 

Fig. 24—Fe 52:5%, Ni 35%, Al 12-5%, 750°C. 
a+ Q’. It is interesting to compare the extent of the 
deposition of the 3’ phase. This indicates a progressive 
break up of the « phase. Figs. 23 and 24 indicate the 
effect of the breakdown in the solid state, the alloy 
being single phase g at 1250°C. The result should be 
contrasted with the effects obtained in the previous 
photographs, where the alloys were already two-phase 
at the melting point. 


a + p’ Alloys, p’ Precipitating « 


The remaining photographs show the reverse state 
of affairs, in which the 8’ phase decomposes below a 
certain temperature, and precipitates the « or the 
a’ phase. 

Fig.25-—-Fe 50%, Ni30%, Al 20%, 1250°C. B’ + «. 
This is a fine example, very characteristic of this part 
of the phase equilibrium diagram. The alloy solidifies 
as a single phase at 1350° C., but quickly deposits the 
% phase in large irregular grains with a definite pre- 
ferred orientation. The broad bands of precipitate in 
the original grain boundaries should be especially 
noticed. The background is light, which is character- 
istic of this region. The « precipitate shows a definite 
inner structure. 

Fig. 26—Fe 30%, Ni 40%, Al 30%, 850°C. B’ +a. 
Although this alloy remains in the single-phase field 
as far down as 950° C., where the « phase is first thrown 
out of solution, it forms the same shape of dark 
precipitate as in Fig. 25, though possibly more 
irregular. 

Fig. 27—Fe 20%, Ni52-5%, Al 27-5%, 850°C. 8’ + a. 
The behaviour of this alloy should be contrasted with 
that in Fig. 26. Here the colouring is reversed, the 
« phase is light, and the 6’ phase dark. This alloy is 
still single-phase down to 1050° C., and comparatively 
little of the « phase is precipitated, even at 850° C., 
except in the remarkably straight grain boundaries, 
which form solid slabs of austenite, 0-005 mm. thick. 
The ’ phase grains etch to different shades, each 
wcnebiiees a definite secondary (mosaic) structure. 

Fig. 28—Fe 20%, Ni 55%, Al 25%, 850° C. 6’ + &. 
This shows another two- phase alloy, which suggests 
(falsely) the possibility of a three-phase structure. 
The large white grains are not a different phase from 
the small white grains, but have been formed under 
different conditions. The alloy crystallizes from the 
melt as 8’ + liquid, and the large white patches are 
the pools of liquid last to solidify. The small white 
grains are formed by a precipitation from the solid. 

Fig. 29—Fe 15%, Ni 57°5%, Al 27-5%, 950° C. 
6’ + «. Here the 8’ phase breaks down at 1150° C., 
and the « grains are shown in relief. 
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a’ + fp Alloys 
Finally, two examples are given of the precipitation 
of the «’ phase (NisAl) from the §’ phase. 

Fig. 30—Fe 7°5%, Ni 62-:5%, Al 30%, 1050° C. 
8’ +a’. The background consists of 8’ phase, with 
characteristic markings. These are in the form of 
cross-hatched shading, regularly spaced at intervals of 
about 0-002 mm. This secondary structure is coarser 
than the true mosaic structure, which has been found 
after heat-treatment at lower temperatures (850° and 
750° C.). 

Fig. 31—Fe 2-5%, Ni 67:5%, Al 30%, 1250° C. 
8’ +’. The secondary structure in the {’ phase is 
here even more clearly pronounced. The appearance 
is not unlike that found in transformed austenite, but 
no explanation can be given. The massive «’ pre- 
cipitate forms particles approximately 0-1 mm. x 
0-05 mm. This large-scale precipitation occurs only 
at high temperatures, the alloy first becoming two- 
phase at 1260° C. 


THE EQUILIBRIUM DIAGRAM 
The Link with the Fe-Ni System 


The Fe-Ni system 1° 11, 12 consists of three separate 
single-phase regions, which are usually termed «, y, 
and §. Since « and § are, in reality, both part of 
the same phase field, the consistent system of nomen- 
clature, based on crystal structure, is used. The 
% phase is now the austenitic phase stretching from 
pure Fe, between 907° and 1390° C., to pure Ni. 
The £8 phase is the body-centred cubic ferrite, only 
stable below 907° and above 1390° C. in pure iron, 
but increasingly stable in the ternary system, with 
the addition of Al. The two-phase alloys are all 
called « + $8, whether they are found near the melting 
point or at low temperatures. 

At the melting point, the peritectic reaction, 
8 + liq. = a, shows that the face-centred cubic struc- 
ture is formed by a reaction between the body-centred 
cubic structure and the melt. This continues to be 
the case in the ternary system, but as Dannoéhl’ had 
previously suggested, it is terminated by the occur- 
rence of the three-phase field, « + 8 + 8’, at its 
intersection with the solidus. 

In the binary system, there is a gradually widening 
gap between the « and £6 phases, beginning at 967° C., 
and developing as the temperature falls. On the 
addition of Al, the gap soon extends to the melting 
point, joining up with the high-temperature body- 
centred cubic structure. There are now only three 
regions, «, Ni-rich, 8, Fe-rich, and « + §, intermed- 
iate, (e.g., with 24 or 5 at.-% of Al, from 750°C. 
upwards). The « + § field is linked to both the 
Fe-Ni and the Fe—Al systems. 

The « + 6 alloys are easily identified by the micro- 
scope, but not by X-rays, and cannot possibly be 
confused with either of the single-phase, « or 8 alloys, 


both of which have special characteristics. The «. 


alloys are either retained or decomposed. The former 
are straightforward and can be identified by X-rays, 
giving a normal face-centred cubic pattern. The latter 
decompose during quenching, by the direct trans- 
formation « + 6, no two-phase state being present, 
except after long periods of heat-treatment at the 
appropriate temperatures. The decomposed « alloys 
show only a body-centred cubic pattern, which 
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cannot be distinguished from 8 by X-rays, though 
the micrograph shows characteristic markings, which 
will be referred to in detail in a later paper. The 
8 alloy is always octahedral in outline. 


The Link with the Fe-Al System 

The Fe-Al system 1%: 14. 15 is quite different from 
the Fe-Ni system. It contains a closed loop, and 
not an open field. This means that the face-centred 
cubic structures are limited to a very narrow region 
near the iron end of the diagram, between 907° and 
1390°C. Nevertheless, they have an extremely 
important bearing on the ternary system. If a 
vertical cut is assumed to be taken mid-way between 
the Fe-Ni and the Fe—Al systems, i.e., between Fe 
and NiAl, and these are regarded as components, 
the closed loop becomes extremely important, and 
forces its way right into the ternary system. Here, 
however, it is separated from the body-centred cubic 
alloys by a broad two-phase region, the alloys being 
readily identified as « +- 8, and the duplex structures 
are formed on a very large scale. As in the binary 
system, there is a maximum solubility in the « phase, 
and a minimum solubility in the 8 phase, somewhere 
between 907° and 1390°C. This characteristic per- 
sists right into the interior of the ternary diagram, 
and is, in fact, very much more pronounced than in 
any previously known example. 

The complete phase sequence is therefore : 

aoe e + Dee +82 
The intermediate « stage is, however, often missing. 
This reaction is extremely important for a complete 
understanding of the ternary magnetic alloys. 

The Fe,Al structure is unstable above 600° C., and 
the ternary system at, or below, this temperature is 
not of interest here. The FeAl structure above 600° C. 
is ordered, down to 25% of Al, and disordered at 
lesser aluminium contents. In the ternary system, the 
6 + 8’ alloys show that there is a clean break between 
the ordered and disordered structures, which must 
therefore be regarded as belonging to separate phase 
fields. Whether this break continues towards the 
Fe-—Al system must be regarded as extremely doubt- 
ful. It is probable that the gap forms because 
of the much greater affinity between Ni and Al, which 
tend to come together to the exclusion of the Fe 
ftoms, which have much less affinity for either. 

Fuller details regarding these processes will be 
published separately. 


The Link with the Ni-Al System 


The results formerly obtained by X-rays'® could not 
be substantiated by the microscope. The quenched 
powders of Ni-—Al alloys are not trustworthy, but the 
microscopic results obtained by Alexander and 
Vaughan? are confirmed, at least at high temperatures. 
At lower temperatures, their times of heat-treatment 
were found to be inadequate, since they gave rise to 
vertical phase boundaries instead of continuous slopes. 

The system contains two face-centred cubic phases. 
The « is the solid solution of Alin Ni. The «’ is the 
phase Ni,;Al. The #’ (NiAl) is also a superlattice 
structure. The «’ is formed by a peritectic reaction 
between 8’ and liquid. The « and «’ form a eutectic. 
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As the temperature falls, the solubility of « and (’ 
decrease in the usual way. That of «’ increases to a 
maximum and then falls. 

All these results are reproducible in the ternary 
system, with the addition of Fe. The following 
reactions occur : 

Lig + BP He’ Liq Ha + @’ 
aeata’ B’ = B’ + a’ 
ate’=a’ B+ a’ =a’ 

As Fe is added, there is a gradual temperature 
shift, until the first two reactions coincide. This 
gives rise to a four-phase invariant equilibrium, which 
is referred to below. 

The changes in the « phase field are, in reality. 
order—disorder changes, but the « and «’ phase fields 
are not continuous, neither in the binary nor in the 
ternary systems, in spite of the previous X-ray 
results. This is because the ordered and disordered 
phases are always distinct, though the « + a’ 
microstructures are so closely interwoven that they 
might easily be taken for a single phase. In many 
cases the spacings of the two phases are so nearly 
equal that the K, doublets are scarcely broadened. 
In the end, as the temperature of heat-treatment is 
lowered, it is difficult to tell whether the alloys are 
single or two-phase, even by the microscope. It is, 
however, quite easy to construct a phase diagram for a 
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temperature of 850° C., and just possible for that of 
750° C. 


Four-Phase Equilibria 


In the ternary system, the reactions liq. — 6’ =a’ 
and liq. = a + a’, give rise to the three-phase 
triangles liq] + « + §’ and liq. + a + @’, 


respectively. When these two merge the following 
four-phase equilibrium is obtained : 
Liq. + a’ =a + Bis at 1380° C. (Fe 4%, Ni 73%, 

Al 23%) 

Below this invariant temperature, the three-phase 
triangles are now, liq. + « — $’, anda’ +a-+ 8’. 

The former gives rise to the eutectic reaction: 
liq. = x + $’. This replaces the separate peritectic 
and eutectic reactions of the binary Ni—Al system. 

The three-phase triangle, « -- « + §’, is at first 
very narrow, but it opens out like a fan as the 
temperature falls, with the @’ phase as the pivot. 
Naturally, there is a sharp break in the 8’ boundary 
at this point. 

The four-phase equilibrium, connecting the eutectic 
reaction, liq. = « + 8’, and the peritectic reaction, 
liq. +- 8 =, has already been discussed by Dannohl.’ 
The reaction is : 

Liq. + 8 =a + 9’, at 1350° C. (Fe 67-5%, Ni 20%, 

Al 12°5%). 


Solidus curves 
-+++ Liquidus curves 

















50 





ALUMINIUM, ATOMIC % 
Fig. 32—-Solidus and liquidus curves for the Fe—-Ni-Al system at 1600° to 1340°C. 
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For the diagram to be theoretically sound it is 
absolutely essential that this reaction should take 
place. This necessitates the 6B + ’ region penetrating 
to the melting point. At higher temperatures, there 
are the triangles liq. + 6 + a and liq. + 6 + #’. 
At lower temperatures, the triangles are « + 8’ + liq. 
and « + 8’ + 6. 

Direct experimental evidence for the existence of 
8 + §’ has not been obtained above 1050° C. Hence, 
the 8 + £8’ gap must be extremely narrow at high 
temperatures. The « + £6 + 6’ field has been 
detected at 1150° C. only, and not at either 1050° C. 
or 1250°C. It appears, therefore, that the 6B + §’ 
gap continues, from 950° C. to the melting point, as a 
narrow funnel. It is only below 950°C. that the 
region opens out. The spread of the three-phase 
triangle, « + 6 + §’, occurs similarly from 950° C. 
downwards. Evidence for the existence of 6 + §’, 
and « + 8 + §’, alloysis reserved for a later communi- 
cation. It is only necessary at this stage to point 
out that the microstructures are nothing like the 
a+ 6, a + #’, and « + §’ structures already 
described. 


SOLIDUS AND LIQUIDUS ISOTHERMAL CURVES 


In Fig. 32, solidus and liquidus isothermals have 
been constructed from 1600° to 1340° C., at intervals 
of 50° C., the solidus being indicated by continuous 
lines and the liquidus by dotted lines. The curves are 
obtained by connecting the microscopic results 
obtained for the solidus with the well-established 
values for the three binary systems. As far as 
possible the curves have been drawn to correspond 
with Dannohl’s interpretation of Késter’s data, 
obtained from cooling curves. However, it is 
necessary to point out that the experimental results 
do not indicate separate values for the solidus and 
liquidus, as they should, and too much reliance 
cannot be placed on them. The temperatures given 
are higher, on the whole, than Késter’s data would 
allow. This is in accordance with the conclusions of 
Alexander and Vaughan on the Ni-Al system, who 
found that the curves, to agree with the microscopic 
results, must be drawn considerably above the values 
given by the cooling curve method. This discrepancy 
was attributed to undercooling. 

The main purpose of this diagram is to show the 
relation between the three phase fields, centring 
round FeNi, Fe, and NiAl, respectively, and the 
valley, representing the line of minimum melting 
points, between the face-centred and the body- 
centred cubic structures. The diagram shows clearly 
the existence of the saddle-point between the 
minimum melting point near FeAl and the eutectic 
valley. It lies on the ridge near the line Fe—NiAl. 
The temperature appears to be somewhat higher than 
that given by Danndhl (1390°-1400° C., as against 
1375° C.). The isothermals between this point and 
the Fe corner are much more curved than in Dannéhl’s 
diagram, but this requires definite corroboration. 

Thicker lines have been drawn to enclose the uni- 
variant areas of three-phase equilibria together with 
the peritectic and the eutectic lines, arrows showing 
the direction of falling temperature. Liquidus and 
solidus curves coincide at the invariant points, at 
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the temperature minimum on the eutectic line 
(1340° C.), at the temperature minimum in the Fe-Ni 
system, and, finally, at the saddle-point. At all other 
points in the diagram there is an interval between 
the solidus and liquidus, although this may be very 
small in the neighbourhood of the eutectic lines. 


PRINCIPLES INVOLVED IN THE CONSTRUCTION 
OF TERNARY PHASE DIAGRAMS FROM 
MICROSCOPIC DATA 


The first principle is that of continuity: the 
boundaries must be continuous, except where there 
is a change of state, e.g., at the corners of three-phase 
triangles in the isothermal sections. Three points 
should be enough to fix, to a first approximation, an 
isothermal single-phase boundary, provided that the 
curvature is constant. More points are required where 
there is a rapid change in curvature. 

The isothermals must each correspond with phase- 
rule principles, especially regarding the nature of the 
three-phase triangles, and their points of contact with 
the single-phase boundaries. Special attention has 
been given to these points in the diagrams already 
published to illustrate the effects of slow cooling, 
although these are not strictly speaking isothermals. 
The best example is, perhaps, the Cu-Ni—Al system.!” 

Successive isothermals are interrelated by means of 
vertical cuts,® which again give continuous lines, 
except where there is a change of state. In this way, 
there is no difficulty in obtaining very accurate 
positions for the phase boundaries, even from com- 
paratively meagre data (t.e., not closer than 2}% 
intervals). 

The photomicrographs are first classified into 
single-phase or poly-phase, and this enables the 
boundaries of the single-phase areas to be constructed. 
Breaks in the boundaries of these areas correspond 
with the points of contact of the three-phase triangles, 
each edge of which must be in contact with a different 
two-phase field.!® 

The appearance of photomicrographs from different 
two-phase fields may or may not be distinctive. In 
general, the interposition of the three-phase triangles 
is the decisive factor, and the phase rule must be 
regarded as being of more importance than the actual 
appearance of individual photomicrographs, which 
do not always observe the rules. There are numerous 
examples of alloys from three-phase triangles failing 
to break up into more than two phases, and other 
examples are found of alloys from a two-phase region 
showing spurious traces of a third phase. 

Finally, having constructed the diagram, the 
behaviour of individual alloys may readily be ex- 
plained, even when it has, at first sight, appeared to 
disagree with the phase diagram. 


The 1350° C. Isothermal 


In Fig. 33, a very narrow « + 6 region connects 
the Fe—Al system with an invariant point (« + 8 
+ 8’ + liq.). From here the « -+ f’ region extends 
to the « + «’ + 8’ triangle, which contacts the a’ 
phase of the Ni—Al system near Ni,Al, and borders on 
the « + a’ and the «’ + ’ two-phase fields. 

Many single-phase alloys are found on either 
side of the x + § region, but only two duplex alloys 


SEPTEMBER, 1949 








Fe 








IN 
M 


he 








BRADLEY : MICROSCOPICAL STUDIES ON THE IRON-—NICKEL—ALUMINIUM SYSTEM 












@ a, a’ face-centred cubic 
© 8, B’ body-centred cubic 
© a+ 8.a+ Pf’, a’ + 6’ 
@ata’ 
© B+ p’ 
@at+a’+ fp’ 
O©at+fh+p’ 
4 © £ with traces of a in grain 
© © a+liquid {boundaries ~ 
60 @ 6 +liquid 














- \ \ / %F Fe ‘ L 

Fe 20-30 -40~«50. 60.70 80 90 ee ee ‘ 
ALUMINIUM, ATOMIC % ALUMINIUM ATOMIC %o 
Fig. 33—-1350° C. Fig. 34—1250° C. 














va 
a ae 





60 7 80 9 40 SO 60 7 80 %~ 


30 40 50 io 2 30 6 
ALUMINIUM, ATOMIC % ALUMINIUM. ATOMIC % 
Fig. 35—1150° C. Fig. 36—1050° C. 


Figs. 33 to 37—Solidus and liquidus curves for the 
Fe—Ni-Al system at various temperatures 
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have been observed. These are Fe 77-5%, Ni 12°5%, 
Al 10%, and Fe 70 %, Ni 17-5%, Al 12-5%. The 
« phase alloys are readily distinguished from the 
8 phase alloys, the latter having a characteristic 
octahedral appearance. 

The « + 8’ phase field has not been very thoroughly 
explored at this temperature, but there is enough 
evidence from the single-phase alloys to show that it is 
much narrower than that at 1250°C., since many 
alloys on either side, which are two-phase at 1250° C., 
become single-phase at 1350°C. Traces of melting 
were found in three alloys near the invariant point, 
but in no case was the amount great. At the other 
end of the « + 8’ area, sufficient two-phase alloys 
have been examined. 

Two examples, one of the « +- «’, two-phase field, 
and one of the « + «’ + 8’ triangle, were observed, 
but it must be realized that the main evidence for 
drawing the curves is from the principle of con- 
tinuity, 7.e., to conform with the results obtained 
at lower temperatures. 

On the whole, this section must be regarded as a 
preliminary to the real work on the system, since 
experiments at other temperatures have been carried 
out much more completely. 


The 1250° C. Isothermal 


In Fig. 34, the two-phase regions widen rapidly, 
a + B and «’ + §’ being displaced towards higher Al 
contents, ¢.e., away from the FeNi side of the diagram. 
The « + «’ phase is displaced to the Ni side, and the 
a + B’ phase widens on both sides. Both three- 
phase triangles are still very narrow. The « + «’ + 8’ 
triangle is displaced away from the NiAl side 
of the triangle into the interior. This section has 
been very thoroughly explored and the results 
can be regarded as being completely trustworthy. 

The « + £6 gap has already widened considerably 
by the precipitation of the « phase from alloys on the 
8 side of the gap. This corresponds to the increasing 
stability of the face-centred cubic structure below 
1390° C., and the lessened stability of the body- 
centred structure in the same temperature range. 

Near the Fe corner, the two-phase gap passes 
between the two « alloys, Fe,,NiAl and Fe,,NiAl, on 
the one side, and the two § alloys, Fe,,NiAl, and 
Fe,,NiAl,, on the other. The « grains are much 
more irregular in outline, and the much larger 8 
grains are polygonal, with perfectly straight 
boundaries. 

The boundaries of the « + 8’ phase fields are not 
in doubt, since small quantities of either phase are 
easily observed. Changes of direction are noticeable 
on both the « and the 8’ boundaries. The « boundary 
runs in almost a straight line from 21% of Ni to 
55% of Ni, and thence gently bends away from the 
Ni corner of the diagram. The §’ boundary is 
approximately linear from 18% to 35% of Ni; it then 
turns sharply inwards, and runs in almost a straight 
line to 65% of Ni. The reason for these changes in 
direction is not clear. 

The abrupt change of direction in the « boundary at 
Fe 68%, Ni 20%, Al 12% is, of course, due to the 
interposition of the « + 8 + §’ triangle, and is the 
only direct evidence for its existence at this tempera- 
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ture. That a break occurs at the same point at 
1350° C. is sufficient confirmation. The change is 
best illustrated by a comparison of a series of photo- 
graphs of alloys containing 124% of Al. Between 
20 and 30% of Ni only very small amounts of 8’ 
have begun to precipitate, showing that the boundary 
runs almost along this line. On the other hand, 
Fe,,Ni,Al, and Fe,,Ni,Al,; lie well within the two- 
phase region, and Fe,NiAI is already single-phase §. 

The position of the « + «+ 8’ triangle is ade- 
quately located. FeNi,Al, contains only a little of 
the @’ phase, and traces of «’. It is therefore situated 
near the « corner. The «’ corner is fixed by a com- 
parison of Fe,Ni,,Al, and Fe,Ni,,Al,, which are 
respectively in the « + «’ and «’ + §’ regions. No 
confusion whatever is possible between them. The 

‘ corner is fixed from the abrupt change in the §’ 
boundary at Fe 8%, Ni 64-5%, Al 27-5%, given by 
the alloy Fe,Ni,,Al,,. 

The boundaries of the «+ «’ and «’ + §’ two- 
phase gaps are adequately fixed by the two-phase 
alloys examined in these regions. The very sharp 
changes in the directions of the « and «’ boundaries 
on either side of the three-phase triangle can be 
seen. The continuity of the 8 and 8’ phase boundaries 
on either side of the 8 + 8’ two-phase field, should 
be contrasted. 


The 1150° C. Isothermal 


In Fig. 35, there is a further widening of all 
miscibility gaps, although the «’ phase field extends 
its area from Ni,Al towards the FeNi side of the 
diagram. The « + «’ two-phase region widens con- 
siderably on the FeNi side, in conformity with the 
growth of the «’ phase, and, simultaneously, the 
a+a’+’ triangle widens out. The f region 
precipitates « along the whole of its length, except 
near Fe. The «+ 6+ §’ triangle is confirmed by 
the presence of an undoubted three-phase alloy, and 
the « phase boundary, in falling back, gives a much 
more pronounced cusp at the point of contact at 
Feg,NiooAl,o. 

The location of the « boundary is stable at 60% 
of Ni, and only moves back slowly at 20% of Ni, but 
in between there is a rapid retrogression, so that the 
boundary now becomes completely curved, and a series 
of alloys containing 124% of Al shows a continuous 
run of two-phase structures from Fe,,Ni,,Al, to 
Fe,NiAl. The form of the new precipitate is usually 
much finer than that of the old precipitate previously 
formed. It must be remembered, however, that the 
alloys have only been heated for 6 hr. at 1150°C., 
whereas they had a prior lump-annealing of two 
days at 1300° C. 

In the « + § field there is some widening shown 
on both the « and § sides, although this is not con- 
siderable. On the « side it extends to 90% of Fe; on 
the @ side it goes only as far as 80% of Fe. The net 
result is that the sleeve shown at 1250° becomes more 
funnel-shaped at 1150° C., the mouth of the funnel 
being formed by the three-phase triangle. There is 
also a slight indication of the displacement of the 
two-phase region towards the FeNi side. 

The 8’ phase boundary shows a clear break at 
Fe 11%, Ni 62%, Al 27%, corresponding to this 
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corner of the « + «’ + 8’ three-phase triangle. At 
the NiAl end, the 8’ boundary moves back about 
2% towards the Al corner, a characteristic result being 
the great increase in the « precipitate at Fe,Ni,,Al,;, 
Fe,Ni,,Al,, becoming two-phase. Between 10% 
and 40% of Fe there is a much less pronounced 
movement towards the Al corner, Fe,Ni,Al, becoming 
two-phase. A much bigger change occurs beyond 
40% of Fe, especially in the neighbourhood of 
Fe,,Ni,Al,. 

The three-phase triangle «+ «’ + 6’ is much 
broader than at higher temperatures, owing to the 
retrogression of the « corner to Fe 16%, Ni 67%, Al 
17%, a complete row of «+ «’ structures being 
obtained with 174% of Al. FeNi,Al, is no longer 
three-phase, since the {’ constituent has redissolved, 
and the alloy is nearly pure «’. 


The 1050° C. Isothermal 


In Fig. 36, at 1050° C., many of the tendencies shown 
at 1150° C. are carried to a further conclusion, but 
there are differences in detail. A further widening of 
the miscibility gaps is found at all points, but the «’ 
region steadily becomes more stable, and continues 
to encroach on the « + «’ field, carrying with it the 
widening « + a’ + @’ triangle. The «+ 6+ #’ 
triangle is also slightly displaced without, however, 
being widened, so that there is, once again, not a 
solitary specimen to be found here, but, on the con- 
trary, there is now a small enclave, containing a single 
example of a 6 + 8’ alloy. This is the first to be 
detected, but there are numerous examples in the 
950° C. isothermal. 

The widening « + £ area is displaced towards the 
FeNi side; « + 8’ widens on both sides; «’ + ’ 
widens only on the Al side. The retrogression of the 
« boundary continues as at higher temperatures, but 
on the other side the « precipitate shows a tendency 
to redissolve in certain 8 alloys at about 70% of iron. 

The series of alloys containing 123% of Al illustrates 
some of these points. Between 62:5% of Fe and 
72-5% of Fe, they show far more 8’ precipitate than 
at the higher temperatures, but the last-mentioned 
alloy shows that the converse process has ceased, 
and the 8’ phase is no longer precipitating « phase. 
This is remarkable, but is not unique, since the alloy 
Fe,,Ni,Al, is once again single-phase, as at 1250° C., 
although it was two-phase at 1150° C., and, moreover, 
Fe,NiAl shows much less precipitate at 1050° than 
at 1150° C. 

There are big changes at 1050° C., in the series with 
10% of Al. - The alloy Fe,Ni,Al is two-phase for the 
first time, though three successive compositions with 
more Fe appear to be single-phase. These are 
associated with the apex of the three-phase triangle. 
For the first time, distinct evidences of precipitation 
were obtained from the alloys Fe, ,Ni,Al, and 
Fe,,Ni,Al,. Under a low magnification, it is difficult to 
see anything more than the stress marks due to the 
direct « > ( transformation, but at a magnification 
of 2000, clear-cut grains of the 8 phase stand out 
from the « phase background. 

A further example of the withdrawal of the @’ phase 
boundary is shown by Fe,Ni,,Al,., which was pre- 
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viously single-phase, but now precipitates a consider- 
able amount of «’, continuing the widening of the 
a’ -+ 8’ region up to the corner of the « + «’ + 8’ 
triangle, at Fe,,Ni.,Alg9. The alloy Fe, ,Ni,,Al, is 
another example of a 3’ alloy, which just begins to 
precipitate « phase at this temperature, and the set- 
back of the 8’ boundary continues the whole way to 
the 6 + @’ enclave. 

The « phase boundary is much more curved than 
at 1150°C., as there is a considerable withdrawal 
near the centre, with the two flanks keeping quite 
firm at 22% and 68% of Fe. In the « + a’ region, 
the row of alloys with 173% of Al, already two-phase 
at 1150° C., crosses over from the « to the «’ side of 
the gap. The alloy Fe,Ni,,Al, is a characteristic 
three-phase alloy, though the «’ phase was absent at 
1150°C. The small amount of « phase in the alloy 
Fe,Ni,,Al, is enough to fix the «’ corner of this 
three-phase field. The « corner is interpolated, for 
lack of direct data. 


The 950° C, Isothermal 


In Fig. 37 the gaps widen still further at every 
point, and the @’ region continues to retreat towards 
the Al corner, and the « region falls back towards the 
FeNi edge of the diagram. The « + «’ miscibility gap 
now becomes far more important, and gives rise to an 
enlarged «+ a’ + 8’ triangle, while the 6 + 8’ 
region begins to suffer revolutionary changes, and the 
a + 8+ £’ triangle becomes important for the first 
time. In the neighbourhood of the Fe corner, the 
a phase boundary falls back more rapidly, leading 
to a widening of the « + 6 gap at this point. The 
result of all these changes is that the diagram at 
950° C. looks considerably different from that at 
1050° C. 

An important point is that while the @’ phase field 
is moving steadily back on the right flank, 7.e., with 
less than 50% of Fe, there is an entirely new kind of 
transformation taking place on the left centre. For the 
first time there is some indication of the changes to 
which Kiuti referred, when he discussed the possibility 
of a radical swing round in the directions of the tie- 
lines, but his diagram does not show this taking place. 
It is claimed that the diagram in Fig. 37 offers, for 
the first time, a complete explanation of all the 
relevant facts. 

As the « + 8 + §’ triangle rapidly spreads out on 
either side, an extensive, though shallow, two-phase, 
6 + 9’ area develops within the former area of the 
single-phase, 8 and 8’, phase fields. This has nothing 
whatever to do with the precipitation of the « phase 
at higher temperatures, since none of the eleven alloys 
within the B + #6’ region at 950° C. came from the 
two-phase « + $ region. Each one came direct from 
the 6 or 9’ phase field. 

Since this work deals exclusively with the widening 
of the gap between the face-centred and _ body- 
centred cubic phases, a detailed examination of the 
changes in the « + «’ and in the 6 +- @’ phase fields 
would be out of place, and will be dealt with in 
separate accounts. 

The «+ 8 phase field, almost stationary on the 
Al side, is now encroaching rapidly on the « phase, 
Fe,,NiAl, Fe,,NiAl, Fe,;Ni;Al,, Fe3,Ni,Al;, and 
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Fig. 38—Equilibrium diagram of Fe-Ni-Al alloys cooled 
at 10°C,/hr., based on X-ray work by Bradley and 
Taylor 


Fe,Ni,Al, all entering the two-phase region for the 
first time. The «+ §’ field changes only slightly on 
the « side, merely dropping back by about 0-5% at 
all compositions. However, no critical alloy in this 
region has been traced. 

On the §’ side, the « + §’ field is widening 
considerably, new two-phase alloys being Fe,Ni,Al,, 
Fe,;Ni,,Al,,, Fe;Ni,Al, and Fe,Ni,,Al,,. It is to 
be noted that incipient precipitation is present also 
in two alloys: Fe,Ni,Al, and Fe,Ni,Al,, both of 
which have been placed on the boundary line. At 
1050° C., a similar occurrence was noted in the three 
alloys Fe,,Ni,Al, Fe,,NijsAl, and Fe,Ni,Al;. At 
1150° C., it occurred in Fe,Ni,Al,, and at 1250° C. it 
occurred in Fe,Ni,Al;. In each instance, there is 
some precipitation in the grain boundaries, but 
practically none in the interior of the crystals. These 
specimens should almost certainly be regarded as 
single-phase. A more detailed discussion of the 
grain-boundary phenomenon will be given in later 
publications. The FeNi,,Al,, alloy has just crossed 
the 6’ phase boundary, which is still moving back 
rapidly to widen still further the «’ + 6’ gap. 


The 850° C. and 750° C. Isothermals 

The 850° C. diagram, which is not shown, presents 
something in the nature of a fait accompli. The 
transformation which was in process at 950°C. is 
now well on the way to completion. The big two- 
phase gaps, « + «’, and # + ’, are now extremely 
important. Both show a very large widening as 
compared with 950° C. 

The transformation of the ® + 8’ region is on a 
very large scale. This now stretches from 26% to 
83%, of Fe, though it is still comparatively narrow, 
and the corresponding three-phase triangle must, of 
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course, be made to match. The variety of patterns in 
this part of the system is remarkable, and only by 
a study of individual characteristics is it possible to 
understand the behaviour of each alloy. For this 
reason the 850° and 750° C. isothermals are described 
in a separate paper. 

Figure 38 shows Bradley and Taylor’s diagram, 
which is based upon X-ray work.” 
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A Statistical Analysis 


of the Output of an 


Open-Hearth Furnace 


By F. L. Robertson, M.C., B.Sc., F.1.M., and M. W. Thring, M.A., F.Inst.P. 


SYNOPSIS 


Measurements of nearly all the important variables which might affect the output of an open-hearth 
furnace have been made on about 47 casts from a single furnace. The measurements have been analysed to 
determine those which are clearly related. The output is governed by the number of tons produced and 
the total time. The latter is broken down into charging plus melting times (t, + t,), and decarbonizing 
time (ts). It is shown that t; is almost entirely predictable when the carbon content of the bath at junction (C7) 
is known. The quantity most strongly connected to t, + t, is the mean rate at which oil can be burned in 
the furnace during this period. Because C,y increases if the period t, + t, is decreased by a greater oil input 
rate, the quantity most strongly related to the total time t, + t, + t,, and so the output, is the rate of 
oxidation of the metal during t, + t,. The rate of oxidation is shown to affect Cy mainly by its effect on 


the weight of FeO in the slag at junction. 


Introduction 
A Method of Study of Siemen’s Melting 


t the end of 1947 Messrs. John Summers and 
Sons, Ltd., having several melting problems on 
hand, decided to run a furnace on as strict and 

as simple a discipline as possible, and carefully record 
and study the results. 

The main questions which required answering 
were: (i) On what does the sulphur content of a 
charge depend? and (ii) what, in furnace practice, 
leads to such variable tons of output per hour ? 

It was hoped that answers to other questions 
might be found in the records of a furnace run under 
a strict discipline. 

In January, 1948, it was decided to undertake 
also a study of the use of tonnage oxygen. 


Organization 


The following organization was carried out. 
Mr. Robertson, Mr. Nickson and Mr. Scott formed a 
committee to discuss the main lines of the work. 
Mr. Robertson, assisted by Mr. Till and Mr. Lewis, 
organized the work. Mr. Nickson, assisted by 
Mr. R. Jones, his No. 2 shop manager, and Mr. Weir, 
assistant shop manager, carried out the furnace 
work. Additional senior melting staff and recorders 
were present and were responsible for the carrying 
out of orders and the recording of operations. Mr. 
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Lewis and his office staff collected the data, made 
the necessary calculations, and tabulated the results. 

The first 280 charges were recorded in the following 
manner. All the furnace instrument charts were 
collected at the end of every charge, pasted on to a 
large sheet, and preserved in the archives. The 
furnace charging, processing, sampling, and time 
records were all preserved. From these were 
prepared : 


(i) A furnace record (The standard 


furnace record book) Chart 1 
(ii) A master chart Chart 2 
(iii) A calculation sheet Chart 3 
(iv) A ledger Chart 4 


These charts represent what has been found, at 
Messrs. John Summers and Sons, Ltd., to be an 
essential and convenient way of marshalling the 
information required for the study of the open- 
hearth process. As they are designed for a particular 
works they may appear a little obscure to readers 





Paper SM/A/114/48 of the Steel Practice Committee 
of the Steelmaking Division of the British Iron and Steel 
Research Association, received 24th February, 1949. 
The views expressed are the authors’, and are not 
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Mr. Robertson is a steelmaking consultant to Messrs. 
John Summers and Sons, Ltd. 

Mr. Thring is Head of the Physics Department of the 
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Chart 1 
FURNACE RECORD 


: A STATISTICAL ANALYSIS 



































































































































































































































































































































































































































Cast No. L3IS LC FEEDS Time | Stone | Lime | Spar ore | Pig 
ime _|_450 |_| | 2 \ ae 
Date and Day of Week Tapped |} Tuesday 24/2/48 3.15 > 2 i 
Roof Ports Chequers 3.35 had i St ad 
Casts since being Rechequered|| 206 206 206 a “4.00 & tae: oe 
4.20 ge % a es ) ae 
Time Time 4.35 _ St —- b) 
4.50 5 
Commenced Charging 8.00 A.M. oem i IX ‘i —— 3 
Finished Charging 12.05 p.m. 4.05 SIs » ¥ 5 
Level |e oe 2.10 $30 ree x ¥ nn i, ae 
Junction 3.45 ,, 1.30 - — — 345 ate fr ok ae 
Tapped 6.40 ,, 2.55 ? as -s SS eS 
Finished Fettling 730. 0.50 6.15 ~_ 3 ———|——]-—4 
TOTAL TIME I hr. 30 min, Pot Hori ves Ors we ee 
os 3.45 | 1525°| 5.15|1575° 
Char¢ée... . Tons | Cwt, | Qr. | Grade ||— ae aus | ~1568° “5.45 1582° oe " 
Basic Pig Iron ] 28 | 6 | 1 | Shelton} ————_————__| 445 | fs72° 630 06 ——— 
nemo Dina, i a ee cae 
Cast Iron Re. Feeds 2 Is 115 
Total Iron and Cast Iron 28 | 6 ! Tame | c | s | P | mn | sa | Feo 
Crop Ends Bie A BATH TESTS 3.45 , 
Scrap J Clippings || 41/5 | 0 40 | ‘77 |-958)-017) - 35 oe 
~ L ~~ Bought ie ie J ie 3 epee meee fe are, pei 
L___Boug 2 —__________| £9 | .65]-048 037 
TOTAL SCRAP s¢| 3 | Pee, «| ae bs Se ee ee 
esate 4.45 
Be == le Fo” | 49 |-039 
Total Initial Charge...|/| 82 9 2 ees , eee, et ER ee es ee a eee 
= 315 | .34|-039 
Finishings (ea see Ree MeN ‘Mipeatias I} 5.30 
Pig Iron ... ——enmnma: a. 
ps eh. eis ane i 2 |, 
Spiegel eG Se! PE Dee : © 6.0 oe ne lh a | 
Ferromanganese to Bath. aa mS a - e 6.05 — Ht |-035 —s) ae 
Ferrosilicon to Ladle, 45°, . piacths Pies 5 6.20 
Pamnsiconwtodeme gs... 1 «| |  |—_ “Sree eo en eee gs et 
DS SSS Pee Py, TPS TSO | I my An Wma | Ce 5.30 065) -034 09 24-0 
Ferromanganese to Ladle = Jor Tar eee oon ee 
Aluminium to Ladle ... 26 ae K | +075) -037 096 
Aluminium to Moulds |... ak Analysis c | s P i Sn | Cu| Ni 
: : a... “O91 | -034)-012 *037| -10) -07 
Total Metallic Input ... 82 17 2 a)... “089 | -034 a3 +34 
Output 9 Rimmed 8 Spl 
Ord Size of Nozzle and 
No. of Ingots and Weight 74 10 0 Ladle No. It 3 
“Short Ends a St a a al Sr ie 
a Come Pee A, | in Ladl 
‘Pit Scrap. aE: inact: sais etl Ga Charge held in Lad . ea eee 
Ladle Skull |] | 8 || Measurement of 
Lander Lump ... BAY. 0 Bottom 
Total Metallic Output 74 10 0 “Rolling Mill Report een sali igi 
“Tons of Ingots per. 
Ingot Yield 904% Hour 6:99 6-48 
: : Sample Passer f A. E. Shuker 
Non-Metallic Additions Remarks C.C. || 308207 
Limestone with Charge CT: 308758 
Lime 3| 6 0 FF. || 308928 
Scale/Ore with Charge 38-8 
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34 Chart 3 CALCULATION SHEET 
Pig Iron Scrap 
f i Tim 
rom t e 
Time Operation Operation, | from S.C. Cc Si Ss P Mn Fe wt Ss Mn Fe wt 
hr. 
8.00 a.m. . Start Charge -050 | «370 | 99-6 
0271} -200 | 54:0 | 54-18 
058 
11.15 a.m. . Finish Scrap 3°25 
11,50 . Start Pig -58 *3-50 | -75 -032 | 1-13 | 1-33 [ 93-3 | 
-99 | +212 | -009 +320] +376) 26-4 | 28-32 
1-32 | +242 -413) -110) 
12.05 p.m. . Finish Pig +25 4-08 +454 +733 
2.15 p.m. . LEVEL 2:17 6-25 
2.50 p.m. ... Spar +58 
3.15 p.m. : 42 
3.35 p.m. mn -33 
3.45 p.m. .. JUNCTION “17 7:75 
3.45 p.m. . Temperature ja aaa 
3.45 p.m. . Sampled Nil 7°75 
: *Explanatory Note : For the raw materials used, and 
the slag and metal samples, the weight and com- 
4.00 p.m. ~ Lime and 725 position is given, followed by the calculated weight a 
Ore of: (i) each element; (ii) the weight of oxygen 
which will combine with each element ; ; and (iii) the | 
4.15 p.m. ._ Temperature “25 weight of the oxide formed. ars 
4.20 p.m. ... Lime and -08 For example, for the *‘ Pig Iron ’’ column above : 
4.35 p.m. ay Ore +25 oo — is ¢ te tons. 
4.45 p.m. . Temperature. 17 The Si content 5% 
450 pm os 08 The — of the Si (in the 28-32 tons) is 0-212 
5.00 p.m re “s7 The “weight of the oxygen which will combine 
5.15 p.m -: “25 with the Si is 0-242 tons. 
5.15 p.m . Temperature Nil The weight of the oxide formed (silica) is 0-454 
ini tons. aia 
5.30 p.m . Lime and +25 
5.45 p.m re +25 
5.45 p.m . Temperature Nil 
6.00 p.m . Lime +25 
6.15 p.m on +25 
6.20 p.m . Sampled +08 10-33 
6.30 p.m ... Temperature “17 a a: Ee. | ee eee a 
6.40 p.m . TAPPED +17 10-67 
Steel ee Cumulative Oxidation 
Time Im- 
Time , O2 |From|From| %, 
Time Operation re from S.C. c Ss P | Mn| Fe | We |] Reet F- a Abs | Ore |Flame/Flame 
8.00 a.m. |... Start Charge 
__ tts a.m, .. Finish Scrap 3-25 eee. ars a a a” ee 
41.50 ..» ... Start Pig wi -58 
12.05 p.m. |... Finish Pig side “25 4-08 
13.15 p.m. |... LEVEL 2-17 6-25 Si ez fh] i hat py ee 
~\'2.50 p.m. |... Spar “58 - 
3.15 p.m. |... 42 
3.35 p.m. 33 
~~] 3.45 p.m. JUNCTION +17 7:75 = aes 2 ee ee ee | eee: 
~~~ 1"3.45 p.m. . Temperature “at See FES Sal ee a ae “T525° = a a oo oe 
13.45 p.m. . Sampled Nil 7:75 -770| -057 | -O17) -350|98-8 3-770! Nil 13-770 | 100 
+ 590| -0436| -O013) -268|75-5 |76-5 = 94,500 cu ft. O, 
-784 -017| -085 = 452,000 cu. ft. Air 
Mel OO a a ee ee ee eee 
~~ 14.00 p.m. . Lime and -25 ae 
Ore hos — = 
~~! 4.15 pam. . Temperature *25 a fie PTR (Sa pe ee ee 
“~~! 2.40 p.m. . Lime and -08 
4.35 p.m. re *25 . a, es | ee 
“| 4.45 p.m. . Temperature 17 1572° 
~~ 14.50 p.m . Lime and “08 
5.00 p.m Ore BL 
5.15 pm. _|... -25 
5.15 p.m . Temperature Nil a Pale, ae 1575" 
~~ 15.30 p.m . Lime and +25 
5.45 p.m re +25 
5.45 p.m . Temperature Nil 1582° 
~ 16.00 p.m . Lime *25 
6.15 p.m. |... +25 i 7 
6.20 p.m . Sampled -08 10-33 +075} -037 +096) 99-8 5-744] +365 15-379 94 
+056} -0278| -009) -072|75-0 |75-2 = 135,000 cu. ft. O, 
-075 -010) -021 = 644,000 cu. ft. Air 
— i ee ee ee 
6.30 p.m. |... Temperature +17 1606° — 
~~ 16.40 p.m. |... TAPPED “17 10-67 034 | -012 74:5 




























































































TONS/HOUR 7-00 
Cu, ft. O, S.C. to Junction per hour 12,200. 
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Cu. ft. Air S.C. to Junction per hour 58,400. 


Cu. ft. O2 S.C. to 2nd Sample per hour 13,100. 
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Chart 3 CALCULATION SHEET—continued 35 

































































































































































































































































































































































Lime Spar Swedish Ore Slag | 
siO,| S | CaO] CO,| Wt || SiO,} S |CaCO,|CaF,| Wt |} SiO,| S | P | Fe | Wt|| SiO,|FeO| Fe |MnO|CaO| MgO/P,O,| S | V | wt 
—|"740 |-08 sini ‘ie en btn ie Ge ee ce de nn eee ee ee ee ee, es 

013} -0026 3-3 
| | 
“= ££ Tite +e |hUmhelCUmhShChUmeChUhCMhClUdTCUme hmrehCOCT el hatSCUdTtCUMTtCUmMTt”t:tCe Se ksSCOCUYCUT 
-045] -005 3 
S$ | | | — J — |] S| $5 —_| — | || — | SS | SS | —_— Ys SS SS | —_ ——_) | | 
a a ee Pelee te Sto 8 - af | | pees 10-9 |6-40 |50-4| | 8-47| -25| 3-2 — 
-955| 1-16 9 | -532| 4-18 703 |-0208 8-3 
ai a are = sz we OE nd om 
es 5-9 | -034! -77 |59-0 a 
|_| aces Se cles an ee Fe ee ee ee ee ee — ao ae 
(Eee ea ON ee [a DOE (oa ee eee eee | eee nee spiel oe Ee ee ee ee ee ee ee 
joie NS Sn oe sts Eb Oe CN Oa ee EE Se eet Fe See DE eee seni sialpill caclpld cokei castttiti cit 
825 75 
| 55 103|-0006| -013|1-032| -25 | 
| 018) +365 
} | 021 } 
a ath Py Fe SET Es eae Laer Ae pees Re A RT RU VaR (ee Pe ee ae Beene lene pce iw 
| -009)-0018 55 
| 7-74 |24-0 118-6 | 6:00|49-6 | 5-72 | 5-72) -23) 5-2 B=. 
a a 1-080] 3-35) 2-58] -84) 6-92) 735 | -735)-0321 14-0 
74 
| | 
sas Ime Weunee OrCneY comer Coe enue aus tKian SES GARR! GENE! RODE SSE! EE Wee See SEN Gana es cy lee ene BO 
Oxidation Silics 
From Previous Sample Sulphur Balance Silica Balance 
Gain Non Gain : sa | Non 
O, | From] From} °% Ibs. | Gain penn pre- o> Metab Metal|| Tons | Gain —_ pre- —_ — Metal 
Abs | Ore |Flame/Flame Ss Cum. Or vious Ee dition| A9- |} SiO, | Cum. ir vious dition| 44¢- 
* |Sampl . dition * |sample . — 
| | 
| | 
| | | 
Metal Charge .-|] 80-8 +454 } 
Non-Charge Charge|| /7-0 -058 | 
Total Charge we -512 | 
Metal Content ...|| 97-6 {+16-8] +2-2 Nil |— -454]—-059 | 
Slag Content .-|] 46°6 | 429-6] +3-8 955 |+-897| +-116 
Total Content ...|] 144-2 |+46-4) +6-0 “955 | + +443) + -057 | 
} 
! 
| | 
on a 
a= 
i i 
oe a | 
} | 
| 
| 
| | 
| | 
1-974) -365 |1-609 | 84 
= 40,400 cu. ft. C, Metal Content ef] 62°2 |— 18-6). —1-8|—35-4 |— 10-3 Nil |—-454)—-044) Nil Nil 
= 193,000 cu. ft. Air|| Slag Content eed] 71-8 1449-5) +4-8/4+19°-9 | +5-8 5:3 1-080} + +910} + -088| + -0/3 | +-004 } «112 
Total Content ..|] 134-0 |+30-9| +3-0)/—15-5 | —4-5 1-080} + -456| + -044| + -0/3 | + -004 | 
Cu. ft. Air S.C. to 2nd Sample per hour 62,300. Cu. ft. O, Junction to 2nd Sample per hour 15,800. Cu. ft. Air Junction to 2nd Sample per hour 74,800, 
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OF THE OUTPUT OF AN 


from other works, but it is emphasized that they are 
given as an example of one way of handling the 
phenomenal amount of information available, as 
much as for the data contained inthem. The authors 
would be pleased to discuss them with any reader. 

A study of these charts up to September, 1948, has 
produced : (i) A great advance in the knowledge of 
factors governing the rate of steelmaking; (ii) accurate 
rules for making steel of any desired sulphur content ; 
and (iii) a completely new crop of steelmaking 
questions. 

The British Iron and Steel Research Association 
was invited, early in 1948, to assist in the study of 
sulphur reactions, rate of output, and tonnage 
oxygen. 

The following paper is a conjoint publication deal- 
ing with output only. 


List of Symbols 


i, Time, in hours, from commence charge to 
completion of charging 
t, Time, in hours, from completion of charging to 
junction (see Definition of Terms, p. 38) 

t,; Time, in hours, from junction to tap 
Percentage by weight, of carbon in the metal 
at junction 

Percentage by weight, of sulphur in the metal 
at junction 

The mean rate of oxygen absorption during 
t, + t,, defined as the weight of oxygen in tons 
taken up by the bath in all ways during period 
1 + 2 (calculated as described in Appendix ITT, 
carbon being taken to CO,) divided by t, + to. 
Called briefly, ‘ rate of total oxidation ’ 
The oxygen equivalent of the non-ferrous 
constituents of the charge at a given time, 
defined as the weight of oxygen in tons which 
would be required to oxidize all the C, S, P, 
Mn, and Si which are present in the metallic 
charge at any given moment, to CO, SO,, 
P,O;, MnO,, and SiO, respectively. The process 
by which Wg is reduced is called briefly, 
‘ oxidation rate.’ 


Wer 


STATEMENT OF THE PROBLEM 


The output of any open-hearth furnace has a 
standard deviation of the order of 10%, so that a 
furnace which produces a charge in 12 hr. on the 
average is liable to produce its charge at any time 
between 10 and 14 hr. If it were possible to produce 
all the charges in 10 hr. the benefits in terms of 
output of steel would be enormous, and even if the 
average value of the time were not changed, but the 
variability cut down, so that the charge was produced 
in times varying only between, say, 114 and 12} hr., 
the advantages in terms of smoother running of a 
melting shop would still be very considerable. The 
factors underlying this variability are probably well 
known to steelmakers. They include : 

(i) The exact physical and chemical nature of the 
raw materials as presented to the furnace, for example: 
(a) The state of subdivision and the accessibility 
of the surface area of the scrap to the flame 
(6) The chemical composition of the scrap and 
the pig iron 
(c) The way in which the raw materials are 
charged into the furnace (the order of charging, the 
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amount put in at a time, the length of the pauses 
between charging, and the degree of piling up or 
spreading out) 

(d) The condition of the hearth. 
(ii) The flame determining factors, for example : 

(a) Fuel quantity, type, and temperature 

(b) Conditions governing the fuel jet (in the case 
of oil, the atomizing steam pressure, and burner 
condition and position; in the case of gas, the 
condition of the port) 

(c) The supply rate, preheat, and humidity of 
the air that enters by the correct path 

(d) The condition of the furnace structure (the 
leakiness of walls and doors, the thickness of walls 
and roof, the extent of exposed water cooling, and 
the blockage of checkers. 
(iii) The type of steel to be made : 

(a) The carbon content required 

(6) The sulphur content required 

(c) The superheat temperature required 

(d) The alloying elements. 


If it were intended to include a comparison between 
different furnaces, a number of additional variables 
would arise, including furnace design and details of 
practice in the shop concerned, but at present, study 
has been confined to the factors affecting the output 
of one furnace. 

The purpose of a statistical analysis of the output 
of an open-hearth furnace is the attempt to give 
numerical values for the importance of the effects 
of these factors, and thus show the cost of increasing 
output. For example, if it could be shown that 
the leakiness of the furnace superstructure was all- 
important in deciding whether a charge came out in 
10 or 14 hr., so that the exact distance which a door 
swung away from its frame might affect the output 
to the extent of 5%, it would be profitable to take 
drastic steps to control this leakiness. Such a 
comprehensive presentation cannot yet be offered, 
but it is shown which connections are strongly 
significant in affecting output, and those which do 
not seem to have any effect. From these deductions 
it may be possible to make some specific recommen- 
dations. 

Leckie! has constructed characteristic curves for 
the output of the furnace as a function of the rate 
of fuel supply. These curves show that there is an 
optimum rate of fuel supply beyond which the 
output cannot be further increased. Leckie’s work 
referred, however, to furnaces in which there was no 
measurement of the analysis of the waste gases nor 
of the roof temperature, so that the furnace atmos- 
phere was not controlled, and the quantity of fuel 
supplied was not necessarily regulated by running 
the furnace temperature at the highest safe value. 
Another analysis was made, as part of a trial for the 
comparison of three furnaces, by Boswell and Thring,?” 
who showed that in the case of one furnace there 
was a significant correlation between the time to 
melt and the rate of gas input, the time to melt 
decreasing by about 5 min. in a mean value of 8} hr. 
for every extra 10,000 cu. ft. of gas/hr. about a mean 

value of 360,000 cu. ft. The output was also shown 
to be significantly connected with the age of the 
roof or the checkers (being highest when these were 
new), and with the port area for producer-gas firing. 
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By analysing measurements made on a series of 
casts from a single open-hearth furnace, an attempt 
has been made to find which variables have a 
significant effect on the output of the furnace. The 
furnace was controlled as closely as possible, and 
careful measurements were made of as many as 
possible of the factors known to influence steelmaking. 
In these respects, therefore, the data provide a unique 
opportunity for such a detailed statistical analysis. 

It should, however, be pointed out that, as with 
other furnaces, these measurements are not exactly 
average in all respects. In this particular case the 
hearth area is abnormally small* for the weight of 
the charge (cold metal practice). The heat transfer 
and surface chemical reactions between metals and 
gases, or metal and slag, are likely to be affected in 
the same proportion, since they must all be largely 
proportional to the bath area. On the other hand, 
allowance must be made for the effect of this small 
bath area in applying conclusions concerning such 
things as rate of charging and the actual numerical 
values of the times concerned, and the output rate. 
In particular, to apply the times given in this paper 
to any other furnace they should be divided by an 
approximate factor : 

Bath area ft.?/ton in furnace concerned 
«290/807 : 


EXPERIMENTAL 

The furnace is oil fired, with a hearth area of 
290 sq. ft., tapping 75/85 tons of steel which is 
required to have a carbon content in the killed 
samplet of about 0-07% and rather stringent sulphur 
requirements (less than 0-03%). The furnace is 
charged with about 28 tons of cold machine-cast pig 
and 60 tons of steel scrap, consisting of various 
amounts of blocks (a compressed billet of light 
scrap), slabs (heavy solid pieces), clippings and un- 
classifiable external scrap, the weights being calculated 
to give a constant oxygen equivalent in the metalloids. 
The sequence of operations adopted for the furnace 
is shown in Table I. 


Instruments 


Three roof pyrometers situated on the middle and 
the two ends of the roof are used continuously. 
Frequent readings are taken with an immersion 
thermocouple in the steel during the last period of 
the charge. Gas samples are taken continuously 
from the downtakes on the outgoing end, and the 
CO,, CO, and oxygen contents are automatically 
recorded. The oil supply is metered with an 
integrating meter, and the quantity of steam and 
the steam pressure are also recorded. The furnace 
roof pressure is controlled by hand and recorded, and 
samples of the slag and steel are taken at junction 
and at tap. 

The data for every cast are plotted against time 
on a single master chart, and the steelmaking 





* T. P Colclough suggests that the average bath 
area per ton would be at least 50% greater. (Private 
communication.) 

f All carbon contents in this paper refer to killed 
samples. 
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Table I 
SEQUENCE OF OPERATIONS 

1. Pig: Of the following analysis range : 

C 3 -6-4-1°, Si 0 -35-0 -75°%, 

S < 0-06°, Pix 13%; 

Mn > 0-75% 
2. Scrap: Crop ends, clippings. and known 
bought scrap 

3. Burnt Lime: During charging and feeding 
4. Spar: Content of SiO, < 5°5,S <3-4% 
5. Swedish Ore: For feeding 
6. Charging Sequence : 


Ist round: 15-20 tons of best possible blocks 
2nd round : 2 barges of lime. 9-10 tons of scrap 


Commence 1 hr. 45 min. after 


starting to charge 
3rd round: 9-10 tons of scrap 


Commence 2 hr. 30 min. after 


starting to charge 
4th round: 2 barges of lime. 8-10 tons of scrap 
Commence 3 hr. 15 min. after 
starting to charge 
5th round: Balance of scrap 
Commence + hr. 15 min. after 
starting to charge 
6th round: 2 barges of lime. 28 tons of pig iron 
to above analysis specification. 
Metal charge: 28 tons of pig iron 
54 tons of selected scrap 
6 barges of lime 
Pig-iron charge is adjusted by weight to the 
O, equivalent 
7. Weights of Materials : Adjusted to give junction 
earbon in the range 0 -40-0-60°, C., V* at boiling 
5-0 or over. V at tapping 5-5 or over 
8. Combustion : Maximum oil rate 320 gal./hr. 
Reversals every 10 min. Exit gases not to be under 
12 -5°, CO,. not over 4-5°% O,. nor over 2% CO. 
Steam /oil ratio maintained constant 
9. Carbon/temperature relation at junction: To be 
as in Fig. 1 
10. Samples: Slag analysis (SiO,) (FeO) (MnO) 
(CaO) (MgO) (P,0;) (S).. Metal [C] [S) [P] (Mn) at 
junction and at tapping. 
* Vis an abbreviation for slag basicity defined numerically as the 
ratio: (Total lime—1L-59 total phosphorus pentoxide in slag)/Total silica 


calculations are recorded on data sheets. Altogether, 
data for some 250 casts are available, but the greater 
part of the analyses reported are based on 47 casts. 


DEFINITION OF TERMS 


It is customary to divide the total period of a 
cast into a ‘charging time,’ a ‘melting time’ 
and a ‘refining time,’ the second period being 
regarded as complete when the charge is ‘clear 
melted.’ But it is difficult in practice to determine 
precisely the moment of clear melting, and in this 
particular plant the conception is replaced by that 
of ‘junction.. The periods used are therefore 
defined as follows : 

The Charging Time (t, min.)—The period from the 
insertion of the first pan of charge to the insertion 
of the last pan of iron or steel scrap. 

The Melting Time (t. min.)—The period from the 
end of the charging time until junction is reached. 

Junction—The time when the temperature ot the 
metal bath, as measured with a dip thermocouple, 
reaches a value which is related to its carbon content, 


SEPTEMBER, 1949 








ar 


m 





yn 





OF THE OUTPUT OF AN 


according to the relation shown in Fig. 1. This 
empirical relation has been found by experience to 
be a good indication for the moment when ore feeding 
may safely be started to accelerate the carbon 
removal from the bath, and happens to correspond 
to a temperature roughly 50°C. above the melting 
point of iron containing this particular carbon 
content. Feeding is not allowed to start until the 
observed temperature line crosses that calculated 
from the observed carbon content, i.e., until junction 
is reached. Sometimes, of course, the first deter- 
mination is well above what is required, and no 
actual junction takes place, in which case it is con- 
sidered that feeding should have taken place earlier, 
and the actual junction time has to be estimated. 
Occasionally a late junction is obtained with a low 
carbon content and high temperature. Working 
to this concept of junction thus provides the melter 
with a reasonably reliable safeguard against pre- 
mature feeding. 

Period 3 (t,; min.)—The period from junction until 
the steel is tapped. 

Carbon at Junction, C;—The carbon content of the 
metal at the moment of junction, and, by the 
definition of junction, related to the temperature of 
the metal at the same moment, according to Fig. 1. 

Sulphur at Junction, S,;—Defined in a similar way 
to Cy. 


CORRELATIONS OBTAINED 
THE RELATIONS BETWEEN THE SUBDIVIDED 
TIMES 

With such a mass of data, some underlying idea is 
necessary in deciding which variables should be 
connected. The output of an open-hearth furnace 
is defined as the tors of steel produced in a cast, 
divided by the total time of the cast t, + t, + ty. 
Since the variation in the tons produced per cast 
can be directly explained by variations in the amount 
charged, the objective of the present work is to 
explain the variations in the total time ¢, + t, + fg. 
The purpose of the statistical investigation is, 
therefore, to show which factors govern variations 
in the charging and melting time ¢, + t,, to what 
extent ¢, is reduced when ¢, + ¢, is longer, and, for 
a given t, + ¢,, what other factors govern f,. The 
first step therefore was the correlation of t, with 
t, —t, (Correlation 2, Appendix I and Table IJ). 
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Fig. 1—The defined relation between 
carbon content and metal tempera- 
ture at junction 
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Fig. 2—The empirical relationship be- 
tween carbon at junction and t, 


This showed a significant negative correlation with a 
slope of 0-4, 7.e., if the melting and charging time 
was an hour longer, the decarbonizing time would in 
general be 0-4 hr. shorter, so that the total time 
would be 0-6 hr. longer. This gives a numerical 
value for the well-known fact that decarbonization 
proceeds during melting (periods 1 + 2), but at a 
slower rate than during period 3. To strengthen this 
theory, a great many correlations were tested, and 
a comnlete list of them, with the results, is given in 
Appendix I. A few only are discussed in this section. 


THE RELATION BETWEEN CARBON AT 
JUNCTION AND THE TIME OF PERIOD 3 
To attempt to account for tne connection between 

t, + t, and ts, the variables C, and 8, were introduced. 
It was found that variations in C, accounted for 
over three-quarters of the variance in the decarboni- 
zation time, whereas the variations in S; were not 
significantly connected with f,, accounting for a 
negligible part of the variance in the latter 
(Correlation 32). This shows clearly that the length 
of period 3 is governed by the process of removal of 
carbon, and not at all by the sulphur removal process 
when the casts were made in 1947. This result is 
illustrated in Fig. 2, which is a scatter diagram for t, 
against the carbon at junction, from which it will 
be seen that a C, of 1% corresponds to a refining 
time of about 43 hr., and a C, of 0-1 % corresponds 
to a refining time of about $ hr. Over a large part 
of this figure the relation is very close to a straight 
line, but since the metal is finally tapped with a 
carbon content of 0-:08% C, the relation must bend 
over to pass through zero time at 0-08%C, as 
drawn in the figure. It corresponds roughly to an 
initial rate of drop of carbon after junction of 0-004% 
of carbon per minute, which gradually falls off below 
0-20% of carbon to a value of about 0-001% of 
carbon per minute. 

Since C, is a variable describing the state of the 
bath at the commencement of period 3, it can be 
regarded as the cause of the variations in this period. 
In particular, the rate of carbon elimination for any 
given carbon content during period 3 can be regarded 
as very nearly constant, and given by the slope of 
the curve in Fig. 2 for that carbon content. This 
rate will, of course, vary for different furnaces 
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Fig. 3—The empirical relationship between 
t, + t, and oil acceptance rate during this 
period 
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and for different steelmaking practices, but for the 
rules under which the furnace under investigation is 
operated, it is sufficient to use the simple relation : 


t; = 3-90 Cy + 0-88 hr. 


Moreover, when ¢, was correlated simultaneously 
with ¢, + ¢, and with C;, the correlation with t, + ¢, 
was found to be non-significant (Correlation 32). 
This method of multiple correlation is a way of testing 
whether two variables have separate effects on a 
third, or whether one acts only through the other. 
It thus shows that the whole of the effect of t, + t, 
on t, is because of the lower Cy, associated with a 
longer charging and melting time; in other words, 
if charging and melting takes 1 hr. longer, the C, 
will be 0-11% lower and period 3 will be 0-4 hr. 
shorter. 

It will be seen from Fig. 2 that C, varies over a 
wide range, extreme values as far apart as 0-11 and 
0-98°%, being obtained. 

The problem is, therefore, reduced to accounting 
for the variations in melting time, and those variations 
in C, which are not caused by variations in melting 
time. Both the previous work of Boswell and 
Thring? and the heat-flow meter experiments* have 
shown that variations in the melting time are mainly 
caused by variations in the heating process, and the 
present work bears this out. Thus the mean rate of 
oil supply during ¢,+ 7%, is correlated highly 
significantly with the time ¢, + ¢,, and accounts for 
about half the variance in the latter (see Fig. 3* and 
Correlation 7). It should be emphasized that the 
rate of insertion of oil during period 1 + 2 is not a 
variable which is free to be controlled by the operator, 
since he is obeying the rules that he is to put the oil 
in at a fixed maximum rate so long as the roof is 
below a safe temperature, but when it reaches this 
safe temperature he is to reduce the oil rate to maintain 
the roof at this temperature. For this reason the 
term ‘oil acceptance rate’ is proposed for the mean 
rate at which oil can be supplied without damaging 
the roof during a given period. 





* N. Bacon has suggested that a large part of the 
scatter in the points in Fig. 3 may be accounted for by 
variations in the oil/air ratio, which is only fixed by 
the limits already laid down. Heats below the line 
may have been those operating with adequate air, and 
those above with inadequate air. This would account 
for a greater oxidation rate, resulting in more rapid 
melting. 
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THE OXIDATION PROCESS DURING CHARGING 
AND MELTING 


At this stage it is necessary to investigate the 
cause of the variations in oil acceptance rate so as 
to find out how the latter could always be kept at 
a high value and the charge melted quickly, and also 
to find another variable more or less independent of 
the oil acceptance rate which will account possibly 
for some part of the remaining half of the variance 
in t, + t,, but still more for the variation in t;. The 
fact that C, is the link between t, + ¢, and ¢, suggests 
that this variable must be some measure of the rate 
of oxidation during the charge, since the value of 
C, is not entirely explained by variations in the rate 
of heating of the charge. In other words, the 
junction point—which is defined by two variables, 
viz., t, + t, and C;—does not lie on a unique curve 
connecting these two variables, but has two degrees 
of freedom. The reason for this is discussed on 
page 42, but in the meantime it is necessary to 
select a measure of the rate of oxidation. 

The mean rate of oxygen absorption (O, tons, hr.) 
during t, +4 is calculated by dividing the total 
oxygen in tons taken up by ¢,+4%,. The total 
oxygen taken up is calculated* as that required to: 
(i) Oxidize iron to produce the FeO which is found 
by analysis to exist in the slag at junction ; (ii) oxidize 
silicon to SiO, and phosphorus to P,O, in the slag ; 
(iii) oxidize to CO, that part of the carbon which 
disappears before junction ; and (iv) oxidize 4 tonst 
of iron to Fe,0O,, which is assumed to pass out of the 
melting chamber. 

At first sight it might appear that since Ox is 
obtained by dividing a quantity (which is partly 
made up of terms which do not change from one cast 
to another) by ¢, + 4, Oy cannot be treated as an 
independent variable, but is simply a function of 
t, +t. When, however, Oy is correlated with 
t, + t, it is found to be connected with only 
of the variance of ¢t, +4, the correlations being 
barely significant, but when it is correlated with 
t, + t, + t, it accounts for nearly half the variance 
(Correlations 8 and 12). Furthermore, it is found to 
be independent of the oil acceptance rate during 
periods 1 + 2 (Correlation 10). The rate of oxygen 
absorption during periods 1 + 2, therefore, provides 
the second major variable for correlating the process 
times. t 

The results of correlating the times with O, are 
summarized as follows : 

For Constant Oil Input—When the oxidation rate 
during charging and melting is 10° more rapid than 





* See Appendix II for a typical calculation. 

+ This figure has not yet been determined experi- 
mentally, but is based on an estimate from the iron 
balance for the furnace. 

t Another reason which can be adduced against this 
argument is: If Ow were a constant divided by t, + t,, 
the regression coefficient of ¢; + ¢, on Oy, in the form 
in which it is given in Table II, would be — 1, whereas 
it is found from the data to be about — 0-29, showing 
that the major part of the variation in the rate of total 
oxidation arises from the quantity which is divided by 
t+, +t, 4.e. On mainly measures variations in the 
course of the oxygen absorption process, rather than 
variations in the time required to absorb a constant 
amount of oxygen. 
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normal,* ¢, + ¢, is reduced by 2° (11 min. in 9-1 hr.), 
but t, + t, + t, is reduced by 4% (29 min. in 12-2 hr.) 
because junction is attained with a carbon which is 
reduced from the normal value of 0-57°% to 0-50%%. 

For Constant Rate of Oxygen Absorption—When the 
oil acceptance rate during charging plus melting 
is 10% greater than normal, t, +- t, is reduced by 9% 
(49 min.) but ¢, + #, + t, is reduced by 3°% (22 min.), 
C, being increased from normal (0-57% to 0-58%). 

These two statements do not, however, show how 
much the rate of total oxidation and oil acceptance 
rate vary. In making allowances for these, variations 
in the rate of total oxidation (Oy) account for .', 
of the variance in ¢, +t, but ? of the variance 
in t, + t, + t,, whereas variations in the oil accept- 
ance rate account for half the variance in t, + ¢, but 
only .3, of the variance in ¢,+¢,+t,. Thus, 
control of Oy would leave the time of junction still 
varying widely, but would give a_ considerable 
measure of control of the total time, and hence of the 
output ; control of the oil acceptance rate would 
have the opposite effect. Figure 4 gives a dia- 
grammatic summary of the connections found. 

An explanation should be made of the causes of 
variation in oil rate and oxidation rate during 
t, + t,, but with the existing data, progress in this 
direction has not been great. There is a slight 
indication that the type of scrap affects the melting 
period, clippings lengthening it, and blocks and slabs 
shortening it. Since it has not yet been possible to 
isolate any measured factor which correlates with the 
oxidation rate during melting, this is probably 
connected mainly with some unmeasured factor, 
such as the particular way the scrap is distributed in 
the furnace, or the particular amount of oxygen in 
the neighbourhood of the scrap during melting, 
which, in turn, implies lack of control of the furnace 
atmosphere and its distribution. 


SLAG-FORMING ‘PROCESSES 


One more series of correlations helps to establish 
the causes affecting the oxidation rate during melting. 
These are the relations of the carbon at junction (C,), 





* ** Normal ” refers to the mean value of the quantity 
concerned over the casts investigated. as given in 
Appendix I. 
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Fig. 4—Simplified diagram of the causes of variation 
in output from one furnace 
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WEIGHT OF FeO AT JUNCTION, TONS 


Fig. 5—-The empirical relationship between 
carbon and ferrous oxide at junction 
the total slag weight at junction, and the weights of 
FeO and CaO in the slag at junction. 

Correlation 38 shows that C, and the slag weight 
at junction are very closely negatively correlated at 
a probability level of 1 in 1000, every extra ton of 
slag at junction corresponding to 0-09°% less carbon. 
When, however, C, is correlated simultaneously 
(Correlation 45) with the total weight of slag, and 
with the weight of FeO in the slag, the correlation 
with the former disappears, but the correlation with 
the latter accounts for 67°, of the variance. More- 
over, when C, is correlated (Correlation 46) with : 
(i) t, + t; (ii) the weight of FeO in slag; and (iii) 
the rate of total oxidation O,, the first is found to 
be non-significant, the second, as before, accounts 
for 67% of the variance, and the third for 27%.* 
This means that the charging plus melting time 
(t, +t.) only affects Cy by its effect on the iron 
oxidized into FeO in the slag, which, in turn, is the 
chief factor causing variations in the carbon content 
of the metal, according to the well-known rules. 
The relation between C,; and the weight of FeO in S, 
is shown in Fig. 5. 

Finally, the slag weight at junction is found to 
correlate closely (75%, of the variance) with the 
weight of FeO, this correlation (66) being shown in 
Fig. 6. This result is of particular interest, for it 
appears that when the weight of FeO in the slag 
goes up from 0-5 to 2-5 tons, the total weight of the 
slag goes up from 5-8 tons to 11 tons, thus showing 
that some other major constituent in the slag is 
increasing when the FeO increases. This is found to 
be the weight of CaO in the slag, which increases 
from 3-1 tons in slags containing 0-5 tons of FeO, 
to 5-7 tons in slags containing 2-5 tons of FeO. 
Since the first of these figures corresponds closely to 
the constant amount of lime fed in, it is clear that 





* The 27°, direct connection between Oy and C) is 
probably simply because of the way in which Oy is 
calculated, since: Oy (weight of oxygen required to 
oxidize 4 tons of iron, all silicon, phosphorus, manganese, 
and carbon, minus weight of oxygen to oxidize metalloids 
left at junction, plus weight of oxygen to oxidize Fe 
into slag’/t, -- t,, for which the approximate relation : 
Cy = 3-7 — On (t t,) 0-22 Wyeo/1-07%, can be 
deduced. Since 0-22 Wy,o (the oxygen in tons required 
to oxidize the iron in the slag) is small, compared with 
the difference between the first two terms, there is a 
certain inevitable connection between Cy and Oy. 
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Fig. 6—The empirical relationship between 
slag and ferrous oxide at junction 


either the FeO is taking up from the banks an amount 
of CaO very nearly in direct proportion to itself, or 
the amount of CaO taken up directly affects the 
amount of iron oxidized into the slag. 

It is necessary, therefore, to explain the variations 
in the weight of FeO in S;. This quantity has been 
correlated (78) with the time from the commence 
charge to junction, and with Oy, the rate of total 
oxidation during this period, and it has been found 
to depend almost equally upon each. This means 
that rather more than one-third of the variations in 
the weight of FeO at junction is caused by variations 
in the rate of oxidation during melting, and rather 
more than one-third is caused by variations in the 
time. 

Accelerated oxidation is as much a cause of high 
FeO in slag as delayed junction. These results are 
shown diagrammatically in Fig. 7. 


SIMPLIFIED PRESENTATION OF THE 
RESULTS 

The opeh-hearth process is really two processes 
proceeding simultaneously, each of which must finish 
at the same time, 7.e., when the furnace is ready for 
tapping.* It is necessary to heat a certain weight of 
material from room temperature to a final temperature 
of approximately 1600°C., supplying both the 
sensible heat and the latent heat of fusion; this 
must be done predominantly by radiant-heat transfer 
from the flame to the material. It is necessary also 
to oxidize a certain amount of silicon, carbon, 
phosphorus, and manganese by means of oxygen 
from the flame, and from the iron oxide charged, so 
that the final steel shall have a composition, in this 
particular case, of approximately 0-08% of carbon 
and very low contents of silicon and phosphorus. 
To produce such a steel, approximately 2-2 tons of 





* Although it is a first approximation, this statement 
is, of course, an over-simplification, for it is necessary 
to remove non-metals other than carbon, particularly 
sulphur, and to have a good boil so as to clean the 
steel in other ways. It would be cheaper to use less 
pig iron and so reduce the amount of carbon which 
must be oxidized. To some extent, however, these two 
complications cancel one another because the need 
to reduce sulphur and other impurities forces the 
operators to use a definite quantity of pig, so that, in 
the course of oxidizing the resulting carbon, the purifi- 
cation is also achieved. 
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Fig. 7—Subdivision of the factors affecting charging 
plus melting time and period 3 


oxygen are required, and a further 2-2 tons of 
oxygen are required to oxidize iron to FeO, which 
passes into the slag and into the iron oxide that 
leaves the melting chamber ; the greater part of this 
oxygen is drawn from the atmosphere of the furnace. 
Since both processes have to finish at the same time 
it will be necessary at some stage to alter their 
relative speeds to allow the slower one to finish at 
the same time. Such a statistical analysis makes it 
possible to estimate which is the faster at various 
points, how the slowing down is done, and how much 
the effect obtained would be if either of the processes 
could be accelerated at various stages. 

A simple diagrammatic representation of the 
results is given in Fig. 8. In this diagram the time 
from the commencement of charging is plotted as 
abscissa, and the two curves for the temperature (or 
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Fig. 8—The two simultaneous processes in making 
steel from cold pig iron or scrap 
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sensible heat content) of the 1600 


charge, and for W;;, the amount 





of oxygen which would be 
required to oxidize the non- 
ferrous constituents of the 
charge, are plotted with appro- 
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priate ordinates. The scales 
are chosen so that: (a) The 
horizontal line at the top of the 
chart represents the value of 


5S 


> | 





the final temperature and the 
final required value of the 
oxygen equivalent, Wy; and 
(b) junction is represented by 
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the point where the tempera- 
ture curve overtakes the oxy- 
gen equivalent curve. This is 
achieved by choosing such a 
scale for the oxygen equivalent 
curve that 1°% of carbon in the 
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charge (1-07 tons of oxygen 5 
equivalent C--CO) appears at 
the 1500° C. line on the tem- 
perature scale, and 0% of 
carbon is at the 1600° C. line. 
The tapping line is at 0-08% of carbon, and so is 
at 1592°C. on the temperature scale. On this 


scale it is at once apparent that the process of 


eliminating the oxygen equivalent starts very much 
higher up than the thermal process, and junction 
represents the moment when the thermal process 
overtakes the chemical process. The course of the 
average charge of those considered, which can be 
called the ‘normal’ charge, may be represented by 
the two curves ABC and DBC. In this case, junction 
is reached after 9-1 hr. with carbon content of 
0-57%, and the charge is tapped after 12-2 hr. The 
variations in C';, time to junction, and refining time, 
discussed previously, can be very simply explained 
if it is supposed that in the period immediately before 
junction, the oxygen-equivalent (Wz) curve* has a 
more or less constant slope at a rate considerably 
less than the mean slope AC or the slope BC, while 
immediately after junction the oxidation curve has 
the faster rate of about 0-25% of carbon per hour 
(0-004°% /min.), and that after junction this accelera- 
tion of the oxidation process is accompanied by a 
slowing down of the heating rate, so that the two 
processes proceed more or less closely together and 
reach the tapping values together. This is, of course, 
brought about by charging ore and lime, both of 
which slow down the rate of temperature rise of 
the charge,t while the former accelerates the oxidation 
process for a given temperature and carbon content. 
In a case where the oxidation curve is normal, but 





* This will be called the ‘ oxidation’ curve for 
brevity, but it must be distinguished from the total 
oxidation, including iron. to which Oy is related. 

+ The heating is slowed down for two reasons. 
Firstly, the heat required to bring the additional 
materials up to furnace temperature is appreciable, and 
secondly, the thickness of slag is increased, so that the 
temperature difference between the top surface of the 
slag and the metal increases for a given rate of heat 
flow; hence the roof overheats and the fuel must be 
reduced. This effect is discussed in detail by Thring.* 
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t, and ont, 


the heating-up curve during melting is more rapid 
than normal, the latter curve becomes replaced by 
the dotted curve DB’C" (see Fig. 8), which overtakes 
the oxidation curve at an earlier time, giving a more 
rapid melting rate but a higher carbon content and 
a lower temperature at junction. When junction is 
reached, the ore is charged, the rate of heating is 
brought down to the normal, and oxidation proceeds 
at the normal rate, so that B’C” is parallel to BC, 
but t, is longer than the normal ¢,, owing to the 
higher C,. This corresponds exactly to the cor- 
relations obtained. 

When the initial oxidation is more rapid, but the 
heating-up rate is normal, the oxidation curve is 
replaced by the curve AB’C”. Junction occurs very 
slightly later than normal but with a markedly lower 
carbon content (and a correspondingly high tempera- 
ture). Again, oxidation and heating up proceed at 
the normal rate after junction, and the total time is 
reduced considerably, because of the great reduction 
in refining time. ‘This idea is developed qualitatively 
in Fig. 9, which is an enlarged version of the top 
right-hand corner of Fig. 8, covering the period ¢, 
and the various positions of junction only. If the 
oil acceptance rate is altered so as to accelerate the 
total time t, +¢,-+¢, by 1 hr., it follows, from 
correlations 8 and 12 of Appendix I, that ¢, + ¢, will 
be reduced by roughly 2} hr., whereas if the rate of 
total oxidation is altered so as to accelerate the total 
time by | hr., ¢, + ¢, will be reduced by approximately 
$hr. Acceleration of the total time by | hr., means 
that the oxidation curve for the period after junction 
must be moved back by | hr., and a shift of the oil 
acceptance rate must mean a shift of junction from 
the normal position B, to the point B,, which is 
2} hr. sooner than normal. Similarly, the shift ot 
junction by an increase of the rate of total oxidation 
is in the direction B)B,. It can readily be calculated 
that a 10° increase in Oy moves the junction to the 
point 6,, and a 10% increase in the oil acceptance 
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rate moves it to b,. This shows how the junction 
point has two degrees of freedom, and also confirms 
the usefulness of taking the rate of total oxidation 
and the oil acceptance rate as the two independent 
variables which mainly govern it, since the vectors 
corresponding to alteration in these two are nearly 
at right angles. In this diagram also, are shown the 
calculated lines when C, is regarded as dependent 
upon the time to junction t, + ¢,, and when the time 
to junction is regarded as dependent upon C,;. It 
will be seen that the former has a slope steeper than 
the normal curve during period 3, so that if the time 
to junction ¢, + ¢, can be shortened, and Cy, is 
increased as a consequence, the total time will be 
reduced, whereas if C, is increased and ¢, + ¢, falls 
as a consequence, the total time will be lengthened. 

The next step is to attempt to explain the causes 
of the variation in the rate of heating up and the 
rate of oxidation during refining. The melting time 
(t, + t,) has nearly half its variability correlated with 
variation in the rate of heat input. It has already 
been shown that the rate of oil input is not a free 
variable which the operator can control, but is 
essentially governed by the condition that the roof 
must not be overheated,* and this, in turn, is largely 
a function of the mean radiant temperature of the 
surface of the charge, since the nearer the temperature 
of the charge is to the temperature of the roof, the 
less heat that can be put into the furnace without 
overheating the roof. 

As Thring has pointed out in a recent report,’ the 
main factor causing variation in the surface tempera- 
ture of the charge, when the bulk of the charge has 
uniform temperature, is the thermal resistanée of the 
charge. It has been shown that if the whole charge 
were a perfect conductor, so that its temperature was 
uniform, or, alternatively, if the charge was made 
up of thin layers of material which were perfectly 
insulated from each other, so that the first one heated 
up and melted before any heat went to the second 
one, then the furnace would accept heat in both cases 
at the maximum possible rate, and the melting period 
would thus be a minimum. It would be expected 
therefore, that the thermal resistance of the charge 
would be the major factor allowing more oil to be 
fed into the furnace during melting with one charge 
than with another under the same roof temperature 
rule. T'wo possible causes of variation in the thermal 
resistance of the charge can be adduced. One is the 
physical nature of the scrap and the way it is charged 
into the furnace, and the other is the behaviour and 
position of the lime and other slag-forming materials. 
It is not possible to say at the moment which of 
these is the main cause of variations in the oil 
acceptance rate during melting, but there are 
suggestions that both are important. The significant 
correlation between ¢, + ¢, and the type of scrap 
(Correlations 21-24) indicates the importance of this 
factor, and the fact that the correlation of t, with 
the oil acceptance rate during ¢, is also not higher 
than the correlation of t, with the oil acceptance rate 
during t, (Correlations 5 and 4), may perhaps indicate 





* This applies to the oil-fired furnace under con- 
sideration, where plenty of fuel is always available. 
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the importance of the slag which forms towards the 
end of the melting period. 

That the variations in the rate of total oxidation 
during melting are explained by taking this rate as 
more or less constant at a value well below the 
period 3 value, indicates that it is the oxidation 
process during the early part of charging and melting 
which shows the large variations. This might be 
expected, since, at this time, a very large area of 
material is exposed to the flame. Again, it is not 
possible to say how far the variations are caused by 
differences in the surface area of steel scrap which is 
exposed to oxidation, and how far they are caused by 
variations in the amount of oxygen in the gases 
immediately in the neighbourhood of the scrap. 
This point obviously requires further investigation, 
but it does not seem possible to employ a statistical 
analysis, because no satisfactory method of measuring 
these quantities has yet been developed. 


Conclusions 

In considering the conclusions from the analysis of 
this furnace it is necessary to remember that the 
bath area on this furnace is below the average for the 
given charge weight. Although this may accentuate 
the effects of variations in surface oxidation rate and 
heat absorption rate, it may be an advantage, since 
these effects are clearly important, and in any case 
the amounts of the two effects relative to each other 
are likely to be unaltered. It is clear that further 
work on data obtained on another furnace would be 
of great value. 

(1) The factors which have been found to affect 
the time to junction (¢, + ¢,) and the total time 
(t, + ¢, + t,) in this furnace are the oil acceptance 
rate and the total oxygen absorption, 0,-, both 
averaged during the time to junction. Thus, 
when the rate of total oxidation is 10% greater 
than the mean, but the oil rate is constant, ¢, + t, 
is reduced by 11 min. from the mean value of 
9-1 hr., and ¢, +-4, +t, is reduced by 29 min. 
from 12-2 hr. The output then goes up by 4%. 

If the oil acceptance rate is 10% greater than the 
mean, but the rate of total oxidation is constant, 
t, +t, is reduced by 49 min., but ¢, + ¢, + ft, is 
reduced by only 22 min. and the output thus 
goes up by 3%. 

It has been shown that the rate of carbon 
removal after junction is very nearly constant, 
i.e., there is a simple linear relationship between 
decarbonizing time and the carbon content, C,, of 
the bath at junction. (C, with a value of 1-0% 
corresponds to 44 hr., and C, of 0-1% to } hr.) 
Once junction is reached, therefore, the time at 
which the charge will be tapped can be predicted 
with a high degree of accuracy. Thus, improve- 
ments in control of the process will be applied 
mainly to the part of the process before junction— 
probably even more narrowly to the period when 
there is solid metal sticking up through the slag. 

A simple explanation of these facts regards 
junction as having two degrees of freedom on a 
time ‘carbon-content map, its actual position being 
the point where the heating-up process overtakes 
the oxidation process, so that its position is altered 
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by a change in the rate of either process, or in the 
initial value of the oxygen equivalent. It has 
also been shown that the amount of lime taken 
up from the furnace hearth during the charging 
plus melting period is in direct proportion to the 
amount of Fe oxidized into the slag during this 
period.* 


(2) From other work? it is clear that the rate at 
which oil can be fed into the furnace during 
melting is probably governed by the state of 
physical subdivision of the scrap, the degree to 
which the scrap is spread out over the bath and 
banks, and the behaviour of the lime in causing 
variations in the heat-transfer characteristics of 
the slag. In so far as this behaviour is important, 
distribution of the lime throughout all the boxes 
of the charge might produce some considerable 
improvement, while increases in the amount of 
scrap which is formed into bundles, and charging 
the scrap more uniformly, are likely to effect 
improvement in the first respect. 

(3) The main improvement in output is likely to 
be achieved by increasing the oxygen absorption 
rate during melting, since the oxygen equivalent 
of the original charge cannot be reduced without 
upsetting other refining processes. If it is essential 
to retain the average junction carbon at its present 
value of 0-57%, to retain a period 3 of reasonable 
length, this increase in oxygen absorption rate 
will then have to be accompanied by an increase in 
the oil acceptance rate, obtained by the methods 
discussed in Conclusion 2. But if this junction 
carbon has to be kept at its present mean value 
only, because of the large variance, then the use 
of methods for increasing the carbon in the already 
molten metal in special cases would be a trial which 
would allow the mean value to be reduced. 

It is not yet known how the oxygen absorption 
rate during melting can most readily be increased, 
but it is clear that the use of air or oxygen in the 
burner itself, and the use of oxygen lances for 
cutting down scrap, are likely to affect it con- 
siderably. These methods would have a still 
greater advantage if some way would be found of 
measuring the instantaneous rate at which oxygen 
is being absorbed during the early part of f,, so 
that their use could be adjusted to reduce the 
variability of C;. Indeed, the present analysis 
shows that the greatest scope for improvement lies 
in the introduction of methods for measuring how 
the extent to which the two processes have pro- 
ceeded compares with the normal, coupled with 
methods for adjusting them to the normal during 
the cast. The oil acceptance rate can already 
be instantaneously measured, and comparison 
of the value at a given time with the standard value 
could be used to predict the course of the heating-up 
process and, possibly, to adjust it to the normal 
value by the use of oxygen in the flame. 

If the new tool, oxygen, is used in conjunction 
with an exact history of how the cast is proceeding, 





* Mr. N. Bacon has suggested that the increased iron 
content of the slag is the consequence of increased 
hearth erosion, and not its cause. 
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it could cut down the variability very greatly, as 
well as raise the average output. 

(4) The analysis indicates the need for further 
work in which the variables, discussed in Conclusions 
2 and 3 as being likely to affect the total oxygen 
absorption rate and the oil acceptance rate, are 
carefully measured. Thus, their effects upon these 
quantities can be accurately determined. In 
particular, the physical characteristics and mode 
of charging of lime and scrap, the composition of 
the furnace atmosphere, and the moment of 
insertion of pig should be tested as variables. 


Further work on these data of other casts from 
the same furnace and, if it could be obtained, on 
similar data from a different furnace, would be of 
great value. 
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APPENDIX I 


LIST OF SIGNIFICANT CORRELATIONS 
(see Table IT) 


Interrelation of Periods 

2. Correlation of ¢; on ty 4+) has a correlation 
coefficient r = — 0-41, significant on 0-02 probability 
level, 2.e., this result would occur by chance only once 
in 50 times. The regression line can be found from 
ts = 6°61 — 0-385 ty + 2), the dimensionless regression 
coefficient being — 1-138. 

3. Correlation of 14245) om ¢ty42) has a 
correlation coefficient r = 0-51, significant on 0-001 
probability level. The regression line can be calculated 
from ti, + 2 + 3) = 7°46 + 0°52 ¢t(, 4 2), the dimensionless 
regression coefficient being 0-39. 
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TABULATION OF RESULTS 


The regression equations have been put in the dimensionless form : 


1) =of8-1) of - 


A 


Only the coefficient of regression of y on x is given 
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eeaieatee poem No. of 
ni an 
Coefficient atic ae — 
Interrelation of Periods— 
1. t, on t, ; pie be, None 47 
2. t, on t+») — 1-138 p = 0-02 47 
3. (+245) On ti. +2) 0-39 p = 0-001 47 
Factors Affecting t, + 3) 
4. t, on oil rate (1) ... i982 p = 0-02 47 
5. ts ” (2) . — 1-58 p = 0-001 47 
6. t; ” (3) . 22 0-79 = 0-02 47 
fe a, + > oil rate (1 +- 2) ans = 0-001 47 
B: fi, 4. E (1 + 2)... — 0-94 55°, variance (sig.) 47 
med. Oni +2) he — 0-21 5° variance p = 0-05 
9. t, +) On Oni! + 2) be — 0-37 p=0-01 47 
10. On(1 + 2) on oil rate (1 + 2) : None 47 
11. On(3) on oil rate see ‘“ None 47 
12. ty +43) on oil rate (1 + 2) — 0.27 6°, variance p = 0-05 } 47 
and On(l + 2) _ 0-40 41°, variance (sig.) 
13. t(; +24) On oil rate (1 + 2) — 0-47 p=0-01 47 
14. t(, +243) on On(i + 2)... ~ Das p = 0-001 47 
15. Ou rate (1+ 2) on oteam & None 47 
16. On(1 + 2) on steam ; uf None 47 
17. t, +.) on Cy — 0-15 p = 0-001 47 
18. &, + 9+) on Cys 0-074 p = 0-05 47 
19. t, +.) on Cy — 0-012 0-06 variance p = 0-05 
slag weight at junction 0-206 0-08 variance p = 0-01 47 
and oil rate ... 44 <A — 0-978 0-55 variance (sig.) 
20. t+) on Cy ae 0 -062 0-27 variance (sig.) 
slag weight at junction 0-231 None f 47 
oil rate (1 + 2) e — 1-033 0-54 variance p = 0-05 
and block weight — 0-0005 None 
21. t+ » on block weight (all casts) — 0-079 p=0-01 93 
ee, ti. 46 i (low pig) se — 0-057 p-0-01 78 
23. + : on clippings weight (all casts) 5 None 53 
24. 1 + 2) (low pig) 0-326 p=0-01 36 
25. a: . 2) on slab weight ( (all casts) — 0-70 p = 0-02 102 
26. t 2) * (low pig) None 85 
27. oir rate (1 + + 2) on block weight : None 7 
clippings weight ea 24 
slab weight x as 
and scrap weight nS 
28. On(1 -+- 2) on block weight None 
clippings weight ne { 24 
slab weight ‘s 
and scrap weight ... a f 
29. Oil rate (1 + 2) on block weight None 22 
30. t&, + 2+) on block weight None 52 
31. On(1 + 2) on block weight None 45 
Factors Affecting t, 
32. t, on Cy * 0-71 80°, variance (sig.) \ 47 
and Sy 0-04 None 
33. t, on Cy ; 0-74 80°, variance (sig.) Li47 
and t(, + 2) 0-17 None re 
34. tf, on Cy... 0-72 p =0-001 47 
Factors Affecting Carbon at Junction— 
35. Cy on t(, + 9) “ se "9-95 p = 0-001 47 
36. Cy on block weight None 22 
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Table II—continued 


























i ionless ; 
sooty Significance —s 
Coefficient 
| 
Factors Affecting Carbon at Junction nD | 
37. Cy on oil rate (1+ 2)... ‘ 1-97 = 0-01 40 
38. Cy on slag weight at junction... nd ee ...| — 1-20 p = 0-001 47 
39. Cy on oxygen equivalent of initial carbon. ay None 45 
40. Cy on oxygen equivalent of ate « + Si+P- + Mn) a None | 45 
41. Tons/hr. on Cy re ; , — 0-074 p=0-05 47 
42. Cy on Sy 0-085 p = 0-02 47 
43. Cy on t; + ») — 1-708 27°, variance (sig.) 47 
and slag weight at junction — 0-036 None 
44. Cy on oil rate (1 + 2) ‘ 3-54 27% variance pv = 0-001 47 
and On(I + 2) ; — 2-29 40°, variance (sig.) f : 
45. Cy on slag weight at junction — 0-048 None 47 
and weight of FeO at a—€, — 0-60 67°,, variance (sig.) 
46. Cy on ti, + 9) - 3-216 None 
weight of FeO at ‘junction — 0-098 67°, variance (sig.) 47 
and On(1 +- 2) ... — 2-574 27°, variance p = 0-001 
47. Cy on weight of FeO at Junetion — 0-62 p = 0-001 47 
48. Cy on On(1 + 2) ... — 1-90 p = 0-001 47 
Factors Affecting Slag Weight, CaO, FeO, etc. 
49. Tons produced on t(, + ») : re None 47 
50. Tons produced ont, __.. None | 47 
51. Tons produced on t(, + , + 3) a7 None | 47 
52. Tons/hr. on t; + 2 + 3) 0-98 77°. variance (sig.) 47 
and tons produced 0-95 19%, variance p = 0-001 4 
53. Tons/hr. on (, + 2+) -- — 0-88 78%, variance (sig.) 47 
and total weight charged ; 0-15 3° variance p = 0-05 | 
54. Percentage S in slag/ percentage S in steel on V at tap a None Ba? 
55. (Initial S — Sy) on On(1 + 2) vas se 5 : is None | 47 
56. Sulphur pickup on On(I1 + 2) ae None | 46 
57. Percentage slag increase junction to tap on decrease Sy oe None | 47 
to tap | 
58. Slag weight at junction on Sy wie os ue ..[ — 0-724 p = 0-02 47 
59. Slag weight at junction on Cy ae ne eae ...| —0-43 p = 0-001 47 
60. Tons/hr. on slag weight at junction mS None 47 
61. Slag weight at junction on t, + ») 1-08 p =0-001 7 
62. t, on slag weight at junction was 0-88 p =—0-001 | 47 
63. Slag weight at junction on block weight ak sat ; se None 22 
64. Slag weight at junction on percentage of Feo at junction | 0-50 p = 0-001 47 
65. Slag weight at junction on percentage of FeO at junction 0-39 42°, variance (sig.) it 47 
and ty + 2 + 3)-- 0-59 6%, variance p = 0-05) |/f 
66. Slag weight at junction on weight of FeO at junction 0-39 p =0-001 47 
67. Slag weight at junction on — of FeO at junction 0-375 75°. variance (sig.) 47 
and t(, + 2) ae a 0-103 None } 
68. Weight of FeO at junction on t, ve “~ 2-61 p = 0-001 47 
69. Percentage CaO at junction on t, + 0-42 p = 0-02 18 
70. Percentage CaO at junction on slag pt at junction a None 18 
71. Percentage CaO at junction on t, + » : 0-40 6°, variance (sig.) iY 37 
and oil rate (1 + 2) 0-34 5°, variance (none) yi 
72. Weight of CaO at junction on t+ ») tek aa 1-19 p=0-01 37 
73. Weight of CaO at junction on oil “rate (1 + | 2) Le er Bh None 37 
74. Weight of CaO at junction on t(,; + ;) “e ae 2-15 21°,, variance (sig.) ha 37 
and oil rate (1 + 2) 1-615 13% variance p=0-05 |f °’ 
75. Weight of FeO at junction on weight of CaO at junction | 1-50 p = 0-001 36 
76. Weight of FeO at junction on weight of CaO at junction 1-46 52°. variance (sig.) 36 
and t(, : red ae 0-21 None } 
77. Slag weight on weight of FeO at junction 0-20 9%, variance p= 0-001 |\ 36 
and weight of CaO at junction ... , 0-60 88°; variance (sig.) 
78. Weight of FeO at junction on t, + 2) 4-39 34°, variance (sig.) 4 47 
and On(1 + 2) a aa ti 2 -66 34°, variance p = 0-001 | f 
79. Weight of FeO at junction on ON(1 - 2) ees None 47 
80. (Weight of CaO in Sy—weight of CaO po on residual ie None 36 
in slag analysis at junction 
81. (Weight of CaO in slag at tap—weight of CaO charged) iS None 36 
on residual in slag analysis at tap 
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Factors Affecting t(, + 2) 


4. Correlation of ¢, on oil rate during period | has a 
correlation coefficient 7 = — 0-36, significant on 0-02 
probability level. The regression line can be found 
from ¢t, = 6:92 — 0:0075 (oil rate), the dimensionless 
regression coefficient being — 0-42. 


5. Correlation of ¢, on oil rate during period 2 with 
r = — 0-86, is significant on 0-001 probability level. 
The regression line can be found from ¢, = 10:93 — 0-03 
(oil rate). The dimensionless regression coefficient 
is — 1-58. 

6. Correlation of ¢; on oil rate during period 3 has 
r = 0°36, significant on 0-02 probability level. The 
regression equation is ¢; = 0-65 + 0-0165 (oil rate) 
with a dimensionless regression coefficient of 0-79. 


7. Correlation of ¢(, + 2) on oil rate during period 
(1 + 2) hasr = — 0°75, significant on 0-001 probability 
level. The regression line can be obtained from 
ti, + 2) = 18:46 — 0-038 (oil rate), the dimensionless 
regression coefficient being — 1-03. 


9. Correlation of ¢;, . ) on rate of total oxidation (Oy) 
during period (1 + 2) is significant on 0-01 level, 
7 = — 0:43. The regression line can be found from 
ti, 42) = 12-48 — 7-360, The dimensionless regres- 
sion coefficient is — 0°37. 


8. Multiple correlation of ¢, , 2) on oil rate during 
period (1 + 2) and rate of total oxidation (Oy) shows 
that both independent variables have a significant 
effect on the time, the oil rate causing 0-55 and Oy 0-05 
of the total variance of the time. The regression, 
equation is tq + 2) = 19-5 — 0-034 (oilrate) — 4-12 (Oy). 
the dimensionless regression coefficients being — 0:94 
and — 0-21 respectively. 


13. Correlation of tq + » + 3) on oil rate during period 
(1+ 2) with r= W— 0-42, is significant on 0-01 
probability level, 7.e., occurring by chance once in 
100 times. The regression equation is ty 424 3) = 
17:96 — 0-023 (oil rate), the dimensionless regression 
coefficient being — 0-47. 


14. Correlation of t(, « 2 + 3) on rate of total oxidation 
(On) during period (1 + 2) is significant on 0-001 
probability level, 7 = — 0-64. The regression line 
can be calculated from ti, 4 2 4 3) = 17°73 — 11:99 
(On), the dimensionless regression coefficient being 
— 0:45. 


12. Multiple correlation of tj, 4.4 3) on oil rate 
during period (1 + 2) and Oy during period (1 + 2), 
shows that both variables have a significant effect on 
the time, the oil rate contributing 0-06 and Oy 
contributing 0-41 of variance of thetime. The regression 
equation is ty 1.243) = 20°43 — 0-013 (oil rate) 
— 10-75 (Oy), the dimensionless regression coefficients 
being — 0-27 and — 0-40 respectively. 


17. Correlation of t(, , 2) on the percentage of carbon 
at junction (C7) shows a significant relationship on 0-001 
probability level, , = — 0°52. The regression line 
can be found from ¢y, 4 2) = 10°53 — 2-45C,, the 
dimensionless regression coefficient being — 0-15. 


19. Multiple correlation of t, +) on Cz, slag weight 

at junction, and oil rate during period (1 + 2), shows 
that all three variables affect the time significantly, 
}, contributing 0°06, slag weight contributing 0-08, 
and oil rate 0°55 of the variance of ty 4). The 
regression equation is ¢(, 4 2) = 16-09 + 0-185 C, + 
0-260 ‘slag weight) — 0-036 (oil rate), dimensionless 
regression coefficients being 0-012, 0-206, and — 0-978 
respectivély. 
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20. Multiple correlation of ¢, , .) on Cy, slag weight 
at junction, oil rate during period (1 + 2), and block 
weight charged is also calculated on the smaller number 
of casts for which block weight is available. In this 
case, slag weight and block weight have no significant 
effect on tj, + 2), Cy contributing 0-27, and oil rate 
contributing 0-54 of the variance of the time. The 
regression equation is: tj, + 2) = 17°62 + 0-917 (C;) 
— 0-037 (oil rate), the dimensionless regression co- 
efficients being 0-062 and — 1-033 respectively. 


18. Correlation of t, +243) on Cy has r= 0-32 
significant on 0-05 probability level. The regression 
equation ist, 4 2 + 3) = 11:34 + 1°585 Cz, the dimen- 


sionless regression coefficient being 0-074. 


21 and 22. Correlation of ti, +.) on block weight 
charged shows a significant relationship on 0-01 level. 
Although the pig weight charged was altered after 
17 casts, this does not affect the significance level. The 
regression equation for the casts charged lower pig 
is : tq 42) = 9°28 — 0-03 (block weight), the dimension- 
less regression coefficient being — 0-057. 


23 and 24. Correlation of ¢, +.) on clippings for 
casts charged lower pig is also significant on 0-01 level. 
A correlation calculated on all casts gives no significant 
relationship. 


25 and 26. Correlation of t + 2) on slabs shows the 
opposite effect. There is a significant correlation over 
all casts, but not over casts charged lower pig. 


Factors Affecting t, 


34. Correlation of t; on Cy; has r = 0:88 significant 
on 0-001 probability level. The regression line is 
obtained from t,; = 0°88 + 3-90C,, the dimensionless 
regression coefficient being 0-72. 


33. Multiple correlation of t; on Cy and t, + ,) shows 
that ¢(, + 2) has no significant effect on t;, the important 
variable being Cy, which contributes 0-78 of variance 
of t;. The regression equation for the multiple cor- 
relation is: t; = 0:80 + 4:04C,, the dimensionless 
regression coefficient being 0-74. 


32. Multiple correlation of t; on Cy and S; shows 
vhat S; has no significant effect on t, whereas Cy 
contributes 0:78 of the variance of t;. The regression 
equation is t,; = 0:9 + 3-87 Cz, the dimensionless 
regression coefficient being 0:71. 


Factors Affecting Percentage of Carbon at Junction (C,7) 


35. Correlation of Cy on ty 4 2) with r= — 0°52 is 
significant on 0-001 probability level, 7.e., occurs by 
chance once in 1000 times. The regression line can be 
obtained from Cy = 1:56 — 0-109 tq +), the dimen- 
sionless regression coefficient being — 1-75. 


37. Correlation of Cy on oil rate during period 
(1 + 2) is significant on 0-01 probability level, r = 0:39. 
The regression line can be found from Cz = — 0-55 + 
0-0045 (oil rate), the dimensionless regression coefficient 
being 1-97. 

38. Correlation of Cy on slag weight at junction has 
correlation coefficient 7 = — 0-716, which is significant 
on 0-001 probability level. The regression equation is 
Cz = 1-25 — 0-094 (slag weight), the dimensionless 
regression coefficient being — 1-20. 

41. Correlation of tons/hr. on Cz is significant on 0-05 
probability level, * = — 0-306. The regression line 
can be found from (tons/hr.) = 6-88 — 0-834 (C;), the 
dimensionless regression coefficient being — 0-074. 
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OF THE OUTPUT OF AN 


42. Correlation of Cy and Sj; with r = 0-35 is 
significant on 0-02 probability level, the regression line 
being given by Cy = — 5-87 + 0-0065 S;. The dimen- 
sionless regression coefficient is 0-085. 


43. Multiple correlation of Cy on tj, 4.) and slag 
weight at junction shows that slag weight has no 
significant effect on C7, and t(, , ») contributes 0:27 of 
variance. The regression equation is Cy = 1:54 — 
0:106 ty +2), the dimensionless regression coefficient 
being — 1-708. 


44. Multiple correlation of Cy on oil rate (1 + 2) and 
On (1 + 2) shows that both variables have a significant 
effect on Cz, oil rate contributing 0-27 and Oy con- 
tributing 0-40 of the total variance of Cy. The 
regression equation is Cy; = 0°425 + 1-006 (oil rate) 
— 2-872 (On), the dimensionless regression coefficients 
being 3-54 and — 2-29 respectively. 


48. Correlation of Cy on Oy (1 +- 2) is significant on 
0-001 level, r = — 0-63. The regression line can be 
obtained from Cz = 1-675 — 2-386 On, the dimension- 
less regression coefficient being — 1-90. 


46. Multiple correlation of Cz on ti, 4 2), weight of 
FeO at junction, and Oy (1 + 2) shows that ti, + 2) has 
no significant effect on C7, but the weight of FeO 
contributes 0-67, and Oy 0-27, of the variance of C7. 
Regression equation is Cy; = 2:09 — 0:0516 (weight 
of FeO) — 3-21 (On), the dimensionless regression 
coefficients being — 0-098 and — 2-574 respectively. 


45. Multiple correlation of Cy on slag weight at 
junction and weight of FeO at junction shows that slag 
weight has no significant effect, while weight of FeO 
contributes 0:67 of the variance. The regression 
equation is Cz = 0-909 — 0:3175 (weight of FeO), 
the dimensionless regression coefficient being — 0-60. 


47. Correlation of Cy at weight of FeO at junction 
shows a high significance of 0-001 level, r = — 0°82. 
The regression line can be found from Cy; = 0-92 + 
0-33 (weight of FeO), the dimensionless regression 
coefficient being — 0-62. 


Factors Affecting Slag Weight, CaO, FeO, etc. 


52. Multiple correlation of tons/hr. on t(, 4 2 4 3) and 
tons produced shows that ti, + 2 4 3) contributes 0-77 
and tons produced contributes 0-19 of the variance of 
tons/hr. The regression equation is (tons/hr.) = 6-59 
— 0°51 (ta 424 3)) + 0°078 (tons produced), the 
dimensionless regression coefficients being 0-98 and 0-95 
respectively. 

53. Multiple correlation of tons/hr. on ti, 4 » 4 3) and 
total weight charged shows that t(, + » 4 3) contributes 
0-78 of the variance, whereas the weight charged only 
contributes the small but significant amount of 0-03 of 
the variance. Regression equation is (tons/hr.) = 
— 0°45 (tq 4 2 +4 3)) + 0°011 weight charged, the dimen- 
sionless regression coefficients being — 0-88 and 0:15 
respectively. 


58. Correlation of slag weight at junction on S; with 
y = — 0-44, is significant on 0-02 level, z.e., occurs by 
chance once in 50 times. The regression line can be 
obtained from (slag weight) = 12-4 — 0-062 S,, the 
dimensionless regression coefficient being — 0-724. 


61. Correlation of slag weight at junction on ¢(, 4 9) 
is significant on 0-001 probability level, r = 0-54. 
The regression equation is: (slag weight) = — 0-59 + 
0-856 (¢, 4.2), the dimensionless regression coefficient 
being 1-08. 
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62. Correlation of ¢, on slag weight at junction with 
r = — 0-64, is significant on 0-001 probability level. 
The regression line can be found from t; = 5:79 — 0°37 
(slag .weight), the dimensionless regression coefficient 
being — 0°88. 

59. Correlation of slag weight at junction on C,7 has 
r= — 0-72, significant on 0-001 level. Regression 
equation is: (slag weight) = 10-33 — 5-43 C,, the 
dimensionless regression coefficient being — 0-43. 


66. Correlation of slag weight at junction on weight 
FeO at junction has correlation coefficient r = 0-86, 
significant on 0-001 probability level. The regression 
line can be obtained from (slag weight) = 4:43 + 2:62 
(weight FeO), the dimensionless regression coefficient 
being 0-39. 

68. Correlation of weight FeO at junction on ti, 4 9) is 
significant on 0-001 probability level, 7 = 0°58. The 
regression equation is (weight FeO) = — 1-73 + 0-31 
(t; + 2), the dimensionless regression coefficient being 
2:61. 

67. Multiple correlation of slag weight at junction on 
weight FeO at junction and ¢(, . ,) shows that t, + 2) 
has no significant effect on slag weight, and the weight 
FeO contributes 0-75 of the variance. The regression 
equation is: (slag weight) 4°53 + 2-53 (weight 
FeO), the dimensionless regression coefficient being 0-375. 


72. Correlation of weight CaO at junction on ty, 4 ») 


with r = 0-46, is significant on 0-01 probability level, 
i.e., occurs by chance once in 100 times. The regression 
line can be found from (weight CaO) 0-71 + 0-49 


(t; 4 2), the dimensionless regression coefficient being 
1-19. 

74. Multiple correlation of weight CaO at junction on 
oil rate during (1 + 2) and tj, ..) shows that both 
variables have a significant effect on the weight CaO, 
oil rate contributing 0-13 and ¢;, . .) contributing 0-21 
of the variance of the weight CaO. The regression 
equation is (weight CaO) - 10-22 + 0-024 (oil rate) 
+ 0+8899 (t, ..), the dimensionless regression coefficients 
being 1-615 and 2-15 respectively. 


75. Correlation of weight FeO at junction on weight 


CaO at junction has r = 0-72, significant on 0-001 

probability level. The regression line can be found 

from (weight FeO) = 0-486 0-395 (weight CaQ), 
£ zg 


the dimensionless regression coefficient being 1-50. 


76. Multiple correlation of weight FeO at junction on 
weight CaO at junction and tj, 4.) shows that ty  ») 
has no significant effect on weight FeO, but that the 
weight CaO contributes 0-52 of the variance of weight 
FeO. The regression equation is (weight FeO) 
0.45 + 0-385 (weight CaQ), the dimensionless regression 
coefficient being 1-46. 


77. Multiple correlation of slag weight at junction 
on weight FeO at junction and weight CaO at junction 
shows that both variables have a significant effect on 
the slag weight, weight CaO contributing the greater 
amount (0°88 of the variance), and weight FeO contrib- 
utes 0:09 of the variance. The regression equation is : 
(slag weight) = 1°41 + 1-42 (weight FeO) + 1-125 
(weight CaO), the dimensionless regression coefficients 
being 0-20 and 0-160 respectively. 


79. Multiple correlation of weight FeO at junction on 
Oy (1 + 2) and ¢ 42) shows that both variables are 
significant and that each contributes 0-34 of the variance 
of weight FeO. The regression equation is (weight 
FeO) = — 6-50 + 0-52 (t, + 2) + 6°26 (Oy), the dimen- 
sionless regression coefficients being 4°39 and 2-66 
respectively. 
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APPENDIX II 
TABLE OF MEANS AND VARIANCES 





Function | Mean son mrevied al 
¢, 4°86 hr 0-39 47* 
t es ee (Ea irnae@e 4: 0-88 47 
ts Lt th) Ae Of Seabee, 0-95 47 
ta + 2)" .- 9-1 ” 0-96 47 
ta +2 +3) 12-2 ; 1-06 47 
Oil rate (1) .| 275 gal./hr.| 18-4 
~ Ce fp! 24-0 
(1 + 2) eel as 19-0 
in = Ee 20-0 47 
Rate of total oxidation 0-46 0-056 47 
(Oy)(1+2) 
Rate of total oxidation 0-48 0-095 47 
(Oy) (3) 
Total weight charged 85-7 tons 2°8 40 
15-53 5:29 93 


(all casts) 
15-9 5°69 78 
(low pig) 
{ 19-3 6°85 53 
L 
i 
X 


Block weight ... 


Slab weight (all casts) 


20-7 7-42 36 
(low pig) 
23-3 8-85 102 
Clippings weight (all casts) 
25-0 8-57 85 
(low pig) 
Bought scrap weight...| 14-6 11-80 24 
Carbon at junction 0°57% 0:22 47 
(Cy) 
Slag weight at 7-2 tons 1-62 47 
junction 
CaO at junction BP es): 3°68 18, 37 
(3-3 tons 
of lime 
charged)t 
CaO attap... ...| 5:7 tons 0-88 40 
. ‘ : 14-23% 4-13 
FeO at junction { 1-074 tons| 0:56 
Steam (1 + 2) ..| 3°8 lb./gal.| 0°32 46 
Tons produced nee 78 3°3 47 
Tons/hr. 4 6°4 0-58 47 
Initial sulphur 79-6 Ib. ~ 47 
Sulphur at junction 84-2 11-6 47 
(Sy) 
(Initial S)—(S at | — 4-6 12-3 47 
junction) ... ~ 
Oxygen equivalent o 1-37 0-07 45 
C 
Oxygen equivalent of 2-09 0-13 45 


charge (C, Si, P, Mn) 














* 47 casts denoted use of cas. Nos. 185, 188, 190-192, 
196-203, 207-214, 220, 222, 22. -233, 238-239, 241-244, 
257, 260-267. 

+ Casts with 3-3 tons of lime charged, Nos. 188-192, 
196-203, 207, 210-214 (18), 188-192, 196-203, 207, 
210-214, 220, 222, 208, 209, 230, 231, 232, 238, 239, 
241-244, 257, 260-264 (37). 
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Function | Mean Standard No. 





Deviation of Casts 
V at tap 5:6 1-22 48 
(S)/[S] ratio 6-41 1-14 48 
8 pick-up 34-0 18-4 46 
Residual in slag 7°38% 1:65 36 
analysis at junction 
Residual in _ slag 8-01 1-65 36 
analysis at tap 














APPENDIX III 


TYPICAL CALCULATION OF BATH OXIDATION 
(CAST L348. TAPPED 15th MARCH, 1948) 


Initial Non-Ferrous Oxygen Equivalents 


fons 
Weight of oxygen required to oxidize : 
Total carbon (1-12 tons) to CO, .. 2-98 
» silicon (0-15 ) to SiO, .. 0-18 
phosphorus (0-29 ) to P,O,; 0°37 
» manganese (0°61 )to MnO 0-18 
3-7! 
Oxygen Absorbed during Period Start Charge 
to Junction 
Weight of oxygen required to oxidize 4 tons of 
iron to Fe,O; (assumed to be oxidized and lost 
from the system through the outgoing ports) .. 1-72 
Weight of oxygen required to oxidize : 
0-51 tons of carbon to CO, (0-51 x 2-66) 1-36 
0-15 ,,_ ,, silicon to SiO, (0:15 x 1-14) .. 0-18 
0:27 ,,  ,, phosphorus to P.O; (0-27 x 1:29) 0°35 
0-35 , manganese to MnO (0°35 x 0:29) 0-11 
0-72 » iron to FeO* 40°72 x 0:28) 0-21 
3°93 
* Found in slag 
Oxygen Absorbed during Period Start Charge 
to Tap 
Weight of oxygen used start charge to junction... 3-93 
Weight of oxygen to oxidize : 
0-56 tons of carbon to CO, 1-49 
0-01 ,,  ,, phosphorus to P,O, 0-01 
0-11 ,, ,, manganese to MnO 0-03 
1-07 ,,  ., iron to FeO 0:30 
5-76 


In calculating the non-ferrous oxygen equivalent (Wz) 
carbon is taken to CO so that the oxygen equivalent of 
this charge is 1-49 tons for carbon together with the 
other non-ferrous residuals, making a total of 2-22 tons 
instead of 3-71. 
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FOREWORD 
The following review is one of a series of critical surveys, prepared for the Metal Physics 
Committee of B.I.S.R.A., which will be published from time to time in the Journal. The 
objects and constitution of the Committee were given in the Foreword to Parts I and IT, on 
p- 299 of the July, 1949, issue of the Journal. Reprints will be made freely available to 
University and industrial research workers. Application should be made to B.I.S.R.A. 
following publication of a specific survey. 


ABOUT 1938 
By W. Sucksmith, D.Sc., F.R.S. 


SYNOPSIS 


At the beginning of the period under review, the general outline of ferromagnetic theory had taken 
definite shape, whilst the relationships with other physical phenomena were gradually being built up out 
of the complexity of ferromagnetic effects. Rapid progress has now been made on both the experimental and 
theoretical sides, whilst the gradual elimination of ad hoc and formal theories is taking place. The paucity 
of co-ordinated experimental data suitable for theoretical development, limited of necessity to the three 
common ferromagnetic elements, has directed a large body of work towards alloys, and it is in the field of 
structure-sensitive properties that major developments have taken. place. 

New materials, both the high-permeability, low-loss type, and the high-coercivity and remanence type 
suitable for permanent magnets, are emerging, and the physical factors responsible for these particular 
properties are gradually becoming classified. The physics of the magnetization curve, with the improved 
conceptions of domains, has been markedly developed, largely by work on single crystals, whilst recent notable 
contributions to the theory of hysteresis show promise of co-ordinating the mass of data already available. 
In many aspects, close quantitative correlation between theory and experiment is lacking, but the gap is 


Reviews of Certain Aspects of Metal Physics 


Part III—THE PRINCIPAL WORK IN FERROMAGNETISM SINCE 





narrowing steadily. 


MAGNETIC FIELDS 

Production 

PAPER by de Haas and Westerdijk! opens up 

possibilities for the production of magnetic fields 

by relatively simple means, provided that low- 
temperature refrigerants are available. Magnetic fields 
of about 250,000 gauss have been produced for 
periods of 0-1 sec. in a cylindrical space, 8 mm. in 
dia., by attaching a small copper coil immersed in 
liquid hydrogen to a very large battery. The large 
latent heat of vaporization of liquid hydrogen is able 
to dissipate the relatively small amount of energy 
generated in the low electrical resistance of the coil. 
Only preliminary experiments were made, but the 
results indicated that large increases in the fields 
available can be secured by relatively small improve- 
ments in the apparatus. Liquid helium was also 
tried below the ) point, but the heat of vaporization 
is small so that the currents employed had to be 
kept to low values. 

Plesset, Harnwell, and Siedl? have described a 
permanent-magnet 8-ray spectrograph. A field of 
3000 oersted was required in a 4-em. gap, 40 by 20 em. 
in area, and a suitable design was worked out. Alnico 
was employed ((BH)max. = 1-6 x 10°) in 64 blocks 
2x2-x6in. The double C type of construction 
was employed, and magnetizing coils capable of 
130,000-amp. turns were used in order to bring the 
remanence to the required value. Performance data 


were given. 


Measurements 
Sucksmith? designed a suitable apparatus for 
measurements of the saturation intensities of ferro- 
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magnetic alloys. A magnetic traction balance, 
previously designed for measurements ou para- 
magnetics, was adapted to ferromagnetic measure- 
ments. The pole pieces of an electromagnet were 
shaped so that there was a field gradient superposed 
on the magnetizing fields, which ranged up to 16,000 
oersted. The force exerted was up to a few grams 
weight on a few cubic millimetres of the ferromagnetic 
material, which could be in any form down to that 
of a coarse powder. Measurements can be carried 
out very quickly at temperatures ranging from liquid 
air to about 1000° C., without removing the specimen 
from the apparatus. The comparative accuracy was 
high, and the method was suitable for following, with 
precision, changes in saturation intensity with 
temperature. On the theoretical side, Davy‘ described 
an investigation into the design of the pole pieces of 
electromagnets, and the forces acting on small bodies 
placed in their magnetic fields. 

Two papers on the magnetic potentiometer and its 
applications were given by Bates® and by Margerison 
and Sucksmith.* The former dealt with the use of 
the potentiometer for the determination of the B-H 
curves of modern permanent magnets of different 
shapes and materials, whilst the latter concentrated 
upon an easy application to measurements on short 
open-circuited specimens. Both papers regarded the 
method as meriting much wider application. 





Paper MG/C/116/47 of the Metal Physics Committee 
of the Metallurgy (General) Division of the British Tron 
and Steel Research Association, received 20th January, 
1949. 

Professor Sucksmith is at the Department of Physics, 
University of Sheffield. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
D* 





52 REVIEWS OF CERTAIN ASPECTS OF METAL PHYSICS 


Bryants and Webb’ drew attention to a novel 
method of determining the Curie point of a ferro- 
magnetic, based upon the dependence of the high- 
frequency resistance upon its permeability. The 
temperature at which the high-frequency and direct- 
current resistances approach the same value was 
taken as the Curie point. The measurements were 
made at 400 kilocycles/sec. 

The measurement of magnetic properties in weak 
alternating fields has been carried out by Colombani,® 
who used an oscillograph to obtain the hysteresis 
loops at a fixed frequency (1000 cycles/sec.), whilst 
Epelboim® investigated the validity of the Rayleigh 
equation B = aH + bH? at frequencies from 50 to 
10,000 cycles/sec., over a range of temperature of 
0-40°C. His results on nickel-iron toroidal cores 
generally support the Rayleigh law. Similar methods 
employing mains frequency have been used by Long 
and McMullen,!° Weigand and Hansen," and Hobson 
and Osmond.!? 

In a most useful paper for workers in ferromagne- 
tism Osborn!* provided charts and tables of the 
demagnetizing factor for any principal axis of an 
ellipsoid of any shape (the three principal axes being 
different). Supplementary formulae for a wide variety 
of special cases were worked out. A very complete 
set of tables on demagnetizing factors for ellipsoids 
is also given in a paper by Stoner.!4 


MAGNETO-STRICTION 


Smoluchowski!® considered the theory of volume 
magneto-striction. With the aid of experimental data 
on magneto-striction, values for the molecular field 
constant and its dependence upon the saturation 
magnetization at absolute zero were determined. The 
values agreed with those obtained from magneto- 
caloric measurements, whilst satisfactory correlation 
of the ferromagnetic contribution to the specific heat 
was obtained. The probable change of Curie point 
with pressure was more satisfactorily explained by 
the assumption of electrons coupled in pairs (j = 1) 
rather than uncoupled (j = 4). On the experimental 
side, Brailsford and Martindale’® measured the mag- 
neto-striction in low fields for some electrical sheet 
steels. Large variations occurred relative to the 
direction of rolling. The probable directional distri- 
bution of the magnetization in the domains in the 
material was considered. 

Inanother contribution!’ the same authors described 
an extensometer for the measurement of magneto- 
striction in sheet materials. A notable feature of the 
method was that measurements were confined to a 
short length in the centre of the solenoid producing the 
magnetization in the strip used. The optical magnifi- 
cation was over 100,000. Specimen results were given. 


PROPERTIES OF THE B-H CURVE 
Permeability (D.C. and A.C.) 


Snoek!*® discussed the factors which determine 
permeability. He drew attention to ~ecent work by 
Grabbe confirming that the zero point of crystal 
anisotropy for nickel-iron alloys was at about 66% 
of nickel, i.e., exactly where the permeability is a 
maximum if the disturbing influences of magneto- 
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striction are eliminated by appropriate heat-treat- 
ment. The author stated that the magnetic properties 
of cold-rolled iron-nickel alloys, previously thought 
to depend upon internal strains and crystal anisotropy 
alone, depend upon at least one other factor. A full 
account was promised. The same author showed!® that 
an error could enter into induction measurements on 
soft ferromagnetic materials due to eddy currents, 
which alter the shape of the hysteresis loop. These 
errors arise when the magnetizing field is changed 
too quickly, the interior of the rod then being only 
slowly magnetized, equivalent to a momentary 
decrease in the demagnetizing factor of the rod. The 
error is not present in closed magnetic circuits. 

Snoek,° in addition to the papers already men- 
tioned, recently published a general account of the 
work of himself and others in the Netherlands during 
the war period. Some of the material, which dealt 
largely with the properties of non-metallic ferrites, 
has appeared in other Dutch publications. In his 
latest book, Snoek indicated modifications of the 
views expressed in some of his earlier papers. 

Boothby and Bozorth”! described the properties of 
a new high-permeability material, “‘ supermalloy.” 
The initial » was claimed to be much higher than for 
ordinary permalloy, being 50,000 to 120,000 for tape 
0-001 in. in thickness. The alloy consists of 79° of 
nickel, 5% of molybdenum, 15% of iron, and 0-5°% 
of manganese, other impurities being present in 
smaller quantities than in most commercial alloys. 
The alloys were induction-furnace vacuum-melted and 
poured in helium or nitrogen at atmospheric pressure. 
Heat-treatment consisted of soaking at 1300°C. in 
pure dry hydrogen, with a cooling rate characteristic 
of the alloy in the range 600-300° C. 

Three papers were devoted to the study of permea- 
bility at high frequencies. Strutt and Knoll?? obtained 
the magnetic permeability of iron wires at frequencies 
around 108 from high-frequency resistance measure- 
ments. It was shown that the permeability of iron 
wires could be determined by the ratio of A.C. to 
D.C. resistance under certain assumptions. The per- 
meability remained constant up to the frequency 
3 x 108 at room temperature, but at liquid-oxygen 
temperature there was a marked decrease with 
increasing frequency. The results were discussed and 
explained, and an estimate was made of the size of 
the Weiss domains. Slothart?* described a new 
method of determining high-frequency permeability 
by the use of a coaxial cable with a fine central wire 
of the material under investigation. Results were 
given for the frequency of 197 megacycles/sec. The 
magnetic permeability of high-purity iron was found 
to be 53-8 at 25° C. and independent of the tension 
up to breaking point. It was quite unaffected by a 
superposed longitudinal magnetic field of 100 oersted. 
For nickel wire the corresponding permeability was 
3°6, rising to 12-2 at 320° C. and then falling rapidly 
to zero at the Curie point. Johnson, Rado, and 
Malovf?* investigated the permeability of iron at 
200 megacycles/sec. If uz, — i. is the complex permea- 
bility, then u,/u, —- 1 is practically constant for fields 
up to 500 oersted with a value of 0-15, the relaxation 
time at 200 megacycles/sec. for magnetism by rotation 
of the domain spins being 10-"° sec. 
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Griffiths?® investigated the anomalous high-fre- 
quency resistance of the three ferromagnetic elements 
at the highest frequencies available, 10!° to 3 x 101° 
cycles/sec., i.e., at wavelengths between 1 and 3 cm. 
The product of permeability and resistivity varied 
with the strength of the magnetic field applied with 
the lines of force parallel to the surface of an electro- 
deposited film of the ferromagnetic metal, showing 
strong maxima varying with the wavelength of the 
radiation. Possible explanations demand further 
experimental work. Surion,?® using much higher 
frequencies, 1-5 x 10° to 10 x 10° cycles/sec., i.e., 
in the region of centimetric waves, used evaporated 
nickel films up to 2000 A. in thickness. For zero 
thickness the static permeability was unity, reaching 
a value of about 20 for the thickest film. J. H. Birks, 
on the same lines as Surion, with the ferric oxides, 
using wavelengths of 3, 6, and 9 cm., found that the 
real term of the complex permeability showed a peak 
at w ~ 2-5 for a wavelength of 20 cm. for yFe,Og, 
whilst the corresponding peak for Fe,0, would appear 
to be at a higher wavelength. It will be noticed that 
whilst the data in the above three papers cover 
different wavebands, the results do not admit of any 
generalization. The variation cf permeability with 
field and wider frequency bands for the pure elements 
seems to call for careful investigation. Brailsford?? 
discussed the well-known discrepancy between theory 
and practice of eddy-current losses and_ finally 
attributed it to internal flux wave form distortion. 


Hysteresis 


Brailsford** made a survey of electrical sheet steels 
for power plant, and discussed the factors affecting 
their magnetic properties. The present-day position 
was analysed and future probabilities were discussed. 

Sondheimer”® investigated the hysteresis losses and 
demagnetizing coefficients of rectangular iron-silicon 
strips. The hysteresis loss was found to be independent 
of the demagnetizing coefficient. On reducing the 
thickness by etching, the loss decreased slightly for the 
ordinary hot-rolled material, but increased for high- 
permeability sheet. A good estimate of the de- 
magnetizing coefficient may be obtained by using the 
formula for the unscribed ellipsoid. 

A paper by K. H. Stewart dealt with the measure- 
ment of the A.C. loss in small ferromagnetic samples 
by an electronic method. Single strips, 15 x 1 cm., 
were employed and the frequency range was from 
10 to 150 cycles/sec. A notable feature of the method 
was that the alternating quantities to be measured 
were balanced against steady ones so that all readings 
were made on D.C. instruments. 

Lipson, Shoenberg, and Stupart,®° in a paper on 
the relation between atomic arrangement and 
coercivity in an alloy of iron and platinum, approxi- 
mately FePt, found it to possess an ordered face-cen- 
tred tetragonal structure, in contrast to the two-phase 
structure claimed by previous workers. The maximum 
coercivity of 1200 gauss, obtained by rapid cooling, 
showed crystal grains crossed by parallel bands, 
interpreted as twinning bands due to the breakdown 
of a high-temperature cubic form. It was thought 
that the tendency of the atoms to approximate to 
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this cubic structure was the cause of the high coerci- 
vity. 

Brailsford*! described a torque method of measuring 
the hysteresis loss in sheet materials, utilizing small 
discs of electrical sheet steels, and he applied the 
result to some electrical sheet steels. No eddy-current 
losses were involved in the measurements. A corre- 
spondence between the magnetization curves in 
different directions in the sheet and the loss was found. 

The Becker-Kersten treatment of domain boundary 
movement has been widely applied to the explanation 
of many of the magnetic properties of the early 
martensitic permanent-magnet materials, and Ker- 
sten,®? considering domain boundary movement as 
a consequence of variation of internal stress, developed 
the earlier ideas of Kondorsky.** By not too im- 
probable assumptions about internal stresses in ferro- 
magnetics, a comprehensive explanation of initial 
permeability and coercivity for a wide range of 
materials was put forward. Later, Kersten*4 amplified 
his ideas by taking in changes in surface area of the 
domain boundary, in addition to the movement of 
the previous paper. The experimental results on 
iron—carbon alloys were explained very satisfactorily. 
The application to other materials and to different 
shapes of inclusions was given in a third contribution.*® 
For materials of high coercivity, such as the newer 
permanent-magnet alloys, Kersten’s theory required 
internal stresses of the order of the breaking stress. 
Whilst this was not impossible, such local rapid 
variation over a few atoms appeared highly im- 
probable, and here the new theory of Stoner and 
Wohlfarth®* has achieved a marked success. They 
considered ‘ islands ’ of ferromagnetic material which 
were single domains, as existing in a non-magnetic 
matrix. Changes of bulk magnetization could take 
place only by rotation of the magnetization vector. 
The shape of the magnetization curve depended on 
the magnetic anisotropy of the ‘island.’ Quantitative 
treatment for shape anisotropy led to satisfactory 
orders of magnitude for the coercive force. The results 
were applied successfully to various practical examples 
of shape anisotropy, whilst preliminary extension to 
crystal and strain anisotropy showed promising 
agreement. Néel also developed a similar theory*’ 
and applied it particularly to powder magnets,** where 
the work of Weil®® provided practical support for 
the theory. 

Other Properties of the B-H Curve 

Nishima*®® studied the permeability of wires of 
nickel-iron alloys containing between 50°, and 90° 
of nickel under varying conditions. The wires were 
heated to 600° C., subjected to tension, cooled slowly 
to room temperature, and the tension was then 
removed. Alloys with positive magneto-striction, such 
as 65% nickel, experienced a remarkable increase 
in permeability in a weak field for a suitable tension, 
whilst for an alloy with negative magneto-striction, 
the permeability decreased with the same treatment. 
Becquerel and Handel*' noted, in measuring the 
magnetic rotation for mesitite (carbonate of iron and 
magnesium), that though possessing hysteresis and 
remanence at low temperatures, it showed certain 
outstanding differences in that there was no sign of 
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saturation at 1-5° K. and 30,000 oersted, and the 
coercive force of 2000 oersted became evident only 
when the magnetizing field exceeded several thousand 
oersted. The authors suggested the term meta- 
magnetism for this behaviour. 


MAGNETIC DOMAINS 


Haul and Schoon*? made aero-colloid preparations 
of yFe,0, from Fe(CO);, the size of crystal being 
controlled by the reaction temperature, and measured 
by X-ray and electron-diffraction methods. The 
magnetic susceptibility showed a steep increase at 
30-40 A. particle size, indicating the onset of ferro- 
magnetism. It was concluded that this was the 
lower limit of particle size for ferromagnetic domains. 
Shoenberg and Wilson,** in torque measurements on 
a single crystal of 2-1% silicon iron, found that the 
torque was considerably smaller than it should have 
been. The rapid increase of the experimentally 
determined value of 1/N, where N is the demagnetiz- 
ing factor of the disc, with decreasing field, suggested 
that the [100] directions of domain magnetization 
would be confined to the plane of the disc in vanish- 
ingly small fields. Bates** gave a preliminary account 
of the colloid patterns he had found on the surface 
of ferromagnetic crystals. Some new types of deposit 
were shown. Williams and Bozorth*® discussed the 
magnetic domain size from measurements on damping. 
When a ferromagnetic material is subjected to small 
periodic stresses there are energy losses due to eddy 
currents and magneto-mechanical hysteresis. Becker 
subdivided these into (a) macro-eddy current, 
(6) micro-eddy current, and (c) magneto-mechanical 
hysteresis. When the material is unmagnetized (a) will 
be zero, (6) will be proportional to frequency and will 
depend upon grain size, whilst that due to (c) is 
frequency-independent. The logarithmic decrement 
has been determined for a bar of 68°{ permalloy as 
a function of frequency. A straight line was obtained, 
which, on the assumption of cubic domains, gives a 
domain size of 10~8 c.c., a value agreeing closely with 
that obtained from Barkhausen experiments. In a 
paper on the magnetic structure of crystals, Elmore*® 
obtained and discussed the colloid powder patterns 
found on demagnetized strain-free crystals of iron- 
silicon of known orientation. Maze-type patterns of 
remarkably good definition were obtained. A mag- 
netic field of 10 oersted applied normally was sufficient 
to produce a new pattern pointing to a larger magne- 
tization with alternate layers of 10-50 p oppositely 
magnetized. 

Other papers dealing with this branch of the subject 
are those by Kittel’ who, after indicating the energy 
relationship relevant to domain boundary formation, 
applied this to particles of varying geometry, and 
by Williams,4* who dealt with the (100) face of a 
single crystal of iron-silicon (3-8°% silicon). 


MAGNETISM AND MECHANICAL PROPERTIES 


Forster and Stambke*® investigated internal stresses 
by the use of the ‘ferrograph,’ a cathode-ray tube 
arranged to give B-H curves of a wire specimen 
whilst it is being subjected to mechanical strain. 
Kersten’s theory, in dealing with internal stresses, 
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had previously showu that the variation of reman- 
ence with a small superposed stress, ?.e. : 

(dJr) 

(dy)o = 0 
was equal to Ja /4c, where J and o are the intensity 
of magnetization and stress, respectively. The 
apparatus could be adapted easily to show either 





J-H or dJ/dH-H curves. The latter, in view of 


Kersten’s theory, were more applicable to the investi- 
gation. 


The stretching of nickel wire, and the onset of 


plastic flow was determined by the first irreversibie 
deformation of the B-H loop. It was shown that the 
first slip phenomena developed in a certain well- 
defined direction. The values of dJ,/dy and the 
initial susceptibility (Rayleigh’s constant) were in 
full agreement with the theoretically expected values. 
The fact that the apparatus lends itself to in situ 
heat-treatment, as well as strain, should considerably 
widen the applications. Stanley,*® in a paper on 
“The Recovery of Cold-Worked Aluminium-—Iron as 
Detected by Changes in Magnetic Properties,” 
examined a 3-16°% aluminium-iron alloy magnetically 
to detect internal strain. Permeability, coercive force, 
and remanence changes on cold working were fol- 
lowed, together with the variation of these properties 
during annealing below the recrystallization tempera- 
ture. During cold work, the permeability decreased 
and the coercive force increased, whilst on subsequent 
anneal the magnetic properties indicated easily the 
relief of strain. Bozorth®! examined the effect of small 
stresses on the magnetic properties. Measurements 
made with small cyclic stresses showed that the cyclic 
change of induction with stress was dependent upon 
the polarizing induction. The rate of change of 
magnetization with stress was found to depend upon 
the fundamental constants: saturation magneto- 
striction, saturation magnetization, and crystal 
anisotropy constant. The results were shown to be 
in agreement with domain theory. Hoselitz®? investi- 
gated the iron-nickel phase diagram by magnetic 
analysis and the effects of cold work. This system, 
previously investigated by magnetic methods, shows 
very slow approach to equilibrium at low tempera- 
tures, and there appear to be possibilities of speeding- 
up reactions by the application of cold work. It 
was found that the annealing of cold-worked alloys 
gave only inconclusive results, whilst the same heat- 
treatment of quenched material produced marked 
changes in the region of 29-35% of nickel. 


PHASE ANALYSIS BY MAGNETIC METHODS 

In “ A Magnetic Study of the Fe—Ni-Al System,” 
Sucksmith®® proposed a method of phase analysis, 
utilizing a magnetic saturation intensity measurement 
over a range of temperatures. The equilibrium 
diagram of this system had previously been investi- 
gated by Bradley and Taylor,54 and owing to its 
importance in the precipitation-hardening permanent- 
magnet alloys, a magnetic investigation was initiated. 
The system, containing alloys of very varying physical 
properties, called for the design of an apparatus 
previously devised by the author,5 which would meet 
the varying demands. It was found that each phase 
region exhibited characteristic properties to such a 
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degree that phase-change investigations could be 
followed out by observations on magnetization and 
temperature. In addition, marked differences between 
ordered and disordered alloys were found, e.g., the 
examination of alloys near FeNi,, with small alumi- 
nium content, led later to the confirmation of the 
existence of this superlattice. 

In a later paper, *‘ A Magnetic Study of the Two- 
Phase Iron-Nicke] Alloys,’’ Pickles and Sucksmith®® 


correlated the thermal hysteresis shown by many of 


these alloys with a tentative equilibrium diagram, 
demonstrating two solid-solution fields separated by 
an iron-rich two-phase field. The work was continued 
by Hoselitz and Sucksmith,** and a phase diagram of 
the system was determined accurately between 365° 
and 525° C. The mechanism of phase segregation was 
studied and a quantitative expression was evolved 
for the approach to equilibrium as a function of the 
temperature. It was concluded, from evidence 
obtained on the approach to equilibrium, that the 
lower practicable limit of the temperature, where the 
equilibrium diagram could be studied by annealing 
experiments, had been reached. Hoselitz,5? however, 
carried the investigation further by studying the 
effects of cold work with heat-treatment. Changes 
in the region of 29-35°, of nickel, where there is a 
distinct separation into two phases, were most 
marked, accelerating the approach to equilibrium. 
Elsewhere the changes were of small magnitude and 
undoubtedly of a complicated character. 

A magnetic study of phase-change processes in iron— 
silicon was carried out by W. Sucksmith, K. Hoselitz, 
and H. Heitler, and theoretically by H. Heitler 
and K. Guggenheimer. The methods previously 
developed in magnetic-phase investigations are here 
extended to a more complex binary system. This 
system was studied in detail,®® particularly in the 
region 550-1100° C., correlating with magnetic results 
the X-ray investigations of Lipson and Weill.5® The 
simultaneous development of no less than four phases 
could be followed in situ. It was possible to give 
quantitative analyses of the reactions of the iron-rich 
iron-silicon alloys, together with a calculation of 
both the reaction velocities and the activation 
energies. 

An interesting application of phase® analysis to 
the study of alloy systems was made by Hoselitz,® 
who investigated the ‘ spoiling ’ of tungsten steel and 
the means of measuring the intensity of magnetization 
at temperatures up to the Curie point for samples 
subjected to different heat-treatments. The measure- 
ments were carried out on the Sucksmith balance 
referred to, and retention of austenite in the quenched 
specimens was found. The curves were analysed 
quantitatively and showed the variation of austenite 
with the amount of tungsten carbide present. Micro- 
scopic examination failed to give quantitative evi- 
dence of the amount of austenite present. The theory 
of hysteresis, propounded in modern form by Becker 
and Doring,® is based upon this conception of crystal 
anistropy and magneto-striction. Kersten®? dealt 
with contributions to the anisotropy energy, E4, and 
gave an extended development of the inclusion model, 


where hysteresis was attributed to non-magnetic 


inclusions of various shapes. 
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Grabbe®? dealt with ferromagnetic anisotropy, 
saturation magnetization, and superstructure in Ni,Fe 
and nearby compositions. The order-disorder trans- 
formation involving Ni,Fe affected both ferromagnetic 
anisotropy and the saturation magnetization. With 
superlattice formation the anisotropy became more 
like that of pure nickel with the (111) as the direction 
of easy magnetization. These changes were largest 
near to Ni,Fe. The greatest increase in saturation 
intensity took place with this alloy, where it was 
5-8°%, as previously shown by Sucksmith and Pan. 
Pan*4 made a search for the existence of super- 
structure in FeNi, by a magnetic method. The 
saturation magnetization—-temperature curve for this 
alloy was taken, and the results previously obtained 
by Sucksmith were confirmed. Thompson®® investi- 
gated the dependence of magnetization, electrical 
resistance, and specific heat upon the degree of order 
in the alloy Ni,Mn produced by varying heat-treat- 
ment. The order-disorder transformation occurred 
at 510°C., and the ordered structure was ferro- 
magnetic with a Curie temperature at 460°C. The 
effect of the order upon the physical properties was 
discussed in the light of the experimental results. 
Snoek®*® investigated the magnetic properties of 
Fe-Ni-Al alloys, with particular reference to those 
near to Fe,NiAl. Measurements of the permeabilities 
of a series of alloys were made, and the author defined 
a term “inner demagnetizing factor,’ N;, equal 
to the difference between the geometrically calculated 
and the experimentally determined constant of the 
demagnetizing field. He applied this to the Fe—Ni—Al 
system along the line (Fe,),(NiAl),,, since the 
precipitation-hardening permanent-magnet alloy was 
probably at x = 0-5. He found these alloys hetero- 
geneous on slow cooling with finite values of Nj, 
whilst for the quenched alloys, N; was zero and 
the saturation intensity was exactly proportional to 
the iron content. 

A novel method of investigation upon alloys is 
found in a paper by Nix, Beyer, and Dunning.*’ The 
dependence of slow neutron interaction upon the 
physical state of the material affords a possibility of 
investigating solid-state phenomena, and in the case 
of order it is possible to vary a single parameter. 
Neutron transmission measurements were carried out 
on a series of iron-nickel alloys. In addition, the 
effects of heat-treatment and cold work were investi- 
gated. The difference in neutron transmission between 
annealed and quenched alloys showed a maximum 
around Ni,Fe, and fell to low values at 0 and 35°, of 
nickel, the ordered alloy giving the fresher trans- 
mission. The cold working of Ni,Fe reduced the 
transmission by 20%, whilst in 78°, nickel-iron alloys 
a few per cent of molybdenum or chromium substi- 
tuted for iron reduced the transmission by a similar 
order of magnitude. 

Two interesting papers from the U.S.S.R. traced 
the high permeability of the alloy ‘Sendust’ to a 
superstructure. In the first contribution, Zarnovsky 
and Selissky® showed that the high permeability of 
the Fe-Si-Al system was closely connected with very 
small values of magneto-striction, and the magnetic 
anisotropy constant, and thus this high permeability 
was due to similar causes to those which are responsible 
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for the high permeability in Fe—Ni permalloy. In 
the second paper, Selissky®® showed that the increase 
in permeability was stimulated by partial disordering 
due to rapid cooling. Superstructures of Fe,Si and 
Fe,Al were present in both binary systems. In ternary 
alloys, a similar superstructure Fe,(SiAl) was probably 
formed. These results open up a possibility of new 
methods for investigating solid-state phenomena 
where X-ray methods may be insensitive, and the 
further extension of these results will be awaited with 
interest. 


THERMOMAGNETIC EFFECTS AND DIFFUSION 

Bates and Weston” investigated the adiabatic 
temperature changes accompanying the magnetization 
of ferromagnetic materials in low fields. The authors 
described a new method of measuring the heat changes 
accompanying magnetization in fields of a few hundred 
oersted, by the attachment of a series of hot junctions 
to the rod under investigation. The sensitivity was 
such that 10-®° C. change was detectable, correspond- 
ing to about 300 ergs/c.c. The results obtained on 
nickel and nickel alloys are strongly dependent upon 
the state of strain of the material, and enable a 
detailed analysis of the energy changes accompanying 
magnetization to be made. In broad outline, the 
results confirmed Becker’s views upon the process of 
magnetization. Chevenard and Wache™ studied 
diffusion in the metallic state by the mutilayer 
method. They showed that the processes of homo- 
genization and diffusion in alternative layers of 
nickel-iron alloys of varying composition welded 
together, could be followed by observing the trend 
of the magnetization-temperature curves. The 
method is applicable to any alloy system where one 
component is ferromagnetic. Selwood and Nash7? 
studied diffusion in powdered metals by a magnetic 
method. This paper described an interesting applica- 
tion of the analysis of magnetization curves to the 
measurement of diffusion. The continuous series of 
solid solutions in nickel-copper alloys was accom- 
panied by a progressive depression in the Curie 
temperature and intensity of magnetization from pure 
nickel as it was diluted with copper. A mixture of 
the powdered metals was sintered, and as the sintering 
process took place the magnetic measurements showed 
the approach to homogeneity. Bennett, Dorg, and 
Harn’? investigated transitions in alloys by the novel 
method of hydrogen diffusion. It was found that 
the measurement of hydrogen diffusion through metals 
provided a sensitive and accurate method of detecting 
transition points in the lattice. An examination of 
two nickel-cobalt alloys showed that whilst the 
physical magnetic change occurred at 600°C. and 
910° C., the Curie point break for pure nickel was 
present. Similar effects were found with other alloys. 
The authors considered the phenomena to be due to 
electronic sources and not to non-uniformity of the 
alloy. Zmeskal and Cohen’! made simultaneous 
measurements of magnetic and dilatometric changes. 
They described an apparatus capable of making these 
two measurements in alloys undergoing phase trans- 
formations. The specimens were about 4 in. long and 
} in. dia., whilst the magnetic field applied could be 
as high as 1000 oersted, produced in an apparatus 
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enclosing the specimen. The apparatus has been 
utilized for the study of structural changes in steels 
during tempering. 
DIRECTIONAL EFFECTS 
A theoretical investigation into the cause of the 


discrepancies in the application of the theory of 


ferromagnetic anistropy to the transverse magnetiza- 
tion of crystals was made by von Engel and Wills.7® 
By assuming a Boltzmann distribution of the magnetic 
vectors of the domains, a reasonable agreement with 
experiment was obtained. 

Rogers’® studied crystal orientation in iron-silicon 
transformer sheets and its relation to the magnetic 
properties and the heat-treatment. [ron-silicon sheets 
were prepared by a process of cold rolling, involving 
one intermediate anneal in hydrogen, for fairly impure 
3°6% silicon iron (approx. 0-05°% carbon, and 
approx. 0-20% other impurities). The preliminary 
conclusions drawn were that the hysteresis was 
independent of the crystal orientation and that the 
anneal should be carried out at the highest possible 
temperature, 7.e., 1400°C. Shoenberg and Wilson*‘ 
made measurements of the torque experienced by a 
single-crystal iron-silicon alloy. An apparatus was 
described and results were given for a 2-1% silicon 
single-crystal disc, for varying fields, as a function 
of the angle between the field and the [100] direction, 
the plane of the crystal being near to (011). At low 
fields, the torque measurements indicated that the 
direction of the easiest magnetization was [100], rather 
than [010] or [001], both of which are inclined at 45 
to the plane of the disc, thus demonstrating anisotropy 
in the region of low fields. At higher fields the in- 
tensity gradually aligned itself along the field direction. 
Measurements of the rotational hysteresis were carried 
out and correlated with the alternating hysteresis 
loop. These hysteresis losses were measured by 
Wilson.’* The total energy losses in single crystals 
of a 2-1% silicon iron were measured in alternating 
fields. Results were given for the three principal 
crystallographic directions. The total losses are 
separated into eddy-current and hysteresis losses by 
the frequency-variation method. The eddy-current 
losses were independent of the crystallographic 
direction, whilst the hysteresis losses were smallest 
for the [100] direction, being about one-third of the 
other directions measured. A tentative explanation 
was given, though there was difficulty in explaining 
the anomalous results in the [110] direction. 

Rathenau and Snoek”® dealt in detail with magnetic 
anisotropy in cold-rolled nickel iron. Nickel-iron 
alloys containing more than 30% of nickel, by 
severe cold rolling followed by recrystallization at a 
sufficiently high temperature, were brought into a 
pseudo-single-crystal in which the crystallites were 
all parallel and similarly orientated. In this way a 
(100) plane lay in the plane of the strip and a [100] 
direction coincided with the rolling direction. If the 
strip was then rolled parallel to, or at right-angles to, 
the previous direction, the material became highly 
anisotropic with a flat J-H curve in the rolling 
direction, and an easy direction of magnetization in 
the perpendicular direction. 

Further experiments were carried out on alloys 
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containing above 30% of nickel, and the anisotropy 
constants were determined after various rolling and 
heat-treatments. The magneto-striction and magnetic 
effects were dealt with, but it is evident that the 
phenomena are very complex. 


PERMANENT MAGNETISM 
Theoretical Considerations 


A series of papers by Desmond dealt with the 
efficient use of permanent-magnet materials. In the 
first of these the magnetizing fields necessary to secure 
maximum remanence in different magnet steels were 
considered.®° This field was shown to be dependent 
upon the previous history of the specimen, and was 
summarized in terms of multiples of the coercive 
force, as well as in the conventional units. The values 
arrived at were 1100-1300 oersted for the cobalt steels, 
1800 for Alnico (British), and 1200 for the aniso- 
tropic magnet alloys. The uses of permanent magnets 
were dealt with in a later report,®! in particular a 
qualitative examination of the working of permanent 
magnets in typical pieces of apparatus was given. 
The cases of a loudspeaker magnet (static flux) and 
a magneto (dynamic flux) were considered, and tables 
were given showing how the best working points could 
be found. These tables can be used as a basis for the 
economical design of the magnet. The useful energy 
of Alnico was further treated,8* putting on a quanti- 
tative basis the material previously discussed quali- 
tatively. Curves of useful energy contours of Alnico 
were given under all conditions, with illustrations of 
their application in the design of the magnet. For 
the case of the magneto, the design required exact 
values of the flux and M.M.F., and to enable these to 
be obtained, contours of useful B and H were given. 

In conclusion, it was pointed out that the (BH) max. 
point was useful only for the simplest case of static 
flux with no recoil. In all other cases there would be 
definite points on the B-H curve, dependent upon 
the leakage flux. The useful energy of the same 
material in a generator stabilized by the removal of 
the armature was considered.8* The calculations were 
required for the complete determinations of the 
magnets of a small 4-pole generator, in which the 
required output had to be made available after removal 
and replacement of the armature. The effect of the 
withdrawal was shown to be of small magnitude. A 
diagram showing the useful energy contours under 
different conditions was appended. 

Hoselitz®* discussed the geometry of the de- 
magnetizing curve of a ferromagnetic and the conse- 
quences for permanent-magnet materials. Elementary 
considerations showed that the total energy available 
in the gap of the permanent magnet was H,?v = 
7(B.H.)V, where H, and v were the gap field and 
volume, B and H the induction and field in the 
magnet material whose total volume was V ; 1/7 was 
the leakage factor which approached unity for an 
infinitely narrow gap. Obviously the most economical 
use ofthe material demanded that the product (BH) 
was amaximum. The author made use of an empirical 
geometrical feature of the position of the (BH) max. 
point on the magnetization curve, and described many 
features which will be utilized in permanent-magnet 
design. 
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Experimental Work 


Oliver and Shedden**-examined the effect of heat- 
treatment under mechanical load on the magnetic 
properties of British Alnico. A progressive deteriora- 
tion in the magnetic properties was found to take 
place. Oliver and Hadfield®* examined experimentally 
the effect of variation of heat-treatment on the 
magnetic properties of Aleomax IIT, one of the aniso- 
tropic permanent-magnet alloys which need to be 
heat-treated in a magnetic field. 

The report gave the results carried out to investigate 
the effect of variation of heat-treatment, both in the 
precipitation-hardening and in the tempering treat- 
ments of the alloy under consideration. It was found 
that the alloy could be produced with optimum 
magnetic properties by cooling at a controlled rate 
(1-6° C./see.) from a solution temperature in the range 
1200-1300° C., or in the tempering range 875-925° C. 
with subsequent tempering around 600° C. for a pro- 
longed period (> 15 hr.). The magnetic field of 
4500 oersted during precipitation hardening must be 
applied above the Curie temperature (875° C.) and 
maintained down to about 650° C. Between the two 
optimum temperature ranges, i.e., from 950° to 
1150° C., very poor magnetic properties were obtained. 

Jellinghaus®’ investigated anisotropic permanent- 
magnet alloys of the same type. In dealing with this 
complex system, he maintained the nickel, cobalt, and 
copper percentages constant at 15, 23, and 3% 
respectively, whilst the iron and aluminium contents 
were varied. He concluded that optimum (B x H)max. 
values, which may be regarded as criteria for assess- 
ment of permanent-magnet alloys, would be found 
in combination with high Curie temperature and high 
coercive force. In these cases there was always a 
prospect of producing preferred orientation by heat- 
treatment in a magnetic field, and his curves showed 
that the optimum qualities were found only within a 
narrow aluminium range, 7.¢., around 8-7°% by weight. 

The copper-iron-nickel permanent-magnet alloys 
have attracted some attention ; Bragg and others** 
dealt with investigations by X-ray diffraction methods 
on strains and imperfections in permanent-magnet 
alloys of high coercivity, which were linked up with 
intense local strains in the crystal structure. The 
variations in the structure of the alloys Cu,FeNi, 
were dealt with in detail, and particular attention 
was drawn to development of periodic variations of 
the lattice parameter along the cube axes. The 
variation of the ‘ wavelength ’ of the periodicity with 
the magnetic coercivity and remanence of the alloys 
was carried out in co-operation with the present 
author. The most striking result was the rise of the 
remanence with increasing wavelengths of the 
periodicity. Other permanent-magnet alloys, 1.e., 
FePt and CoPt, were subjected to various heat- 
treatments, and parallel measurements of the coerci- 
vity were carried out. The high coercivity of these 
alloys was associated with the tetragonal structure. 
In the case of the former, the tetragonal approximate “dd 
closely to a cubic structure, and a tentative explana- 
tion of the coercivity was found to fit in well in the 
microstructure of the alloy. Daniel and Lipson* 
made an X-ray study of the dissociation of an alloy 
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in this system. A description was given of the unusual 
X-ray diffraction effects shown by the alloy Cu,FeNi, 
during phase changes. This alloy is single-phase (face- 
centred cubic) above 800° C., but splits up into two 
phases of similar structure at lower temperatures, via 
a series of intermediate stages which have been investi- 
gated in detail. The first stages of dissociation from 
single-phase were shown in a periodic variation of the 
lattice parameter, the variation being in the direction 
of the cube edges. The value of the ‘ wavelength ’ 
and amplitude of the periodic variation could be 
produced with accuracy. After longer times of anneal, 
the X-ray pattern changed and could be explained 
by the formation of tetragonal lamellae. 

Miiller® investigated the effect of cold work on 
nickel-iron alloys containing from 40 to 60% of 
nickel. Cold rolling with appropriate annealing was 
shown to have a very marked effect on the remanence 
and coercivity of those alloys, and the anisotropy 
was due to anisotropic stresses rather than to the 
crystalline anisotropy caused by rolling, since the 
changes were not strongly dependent upon the rolling 
direction. Néel®! extended the theory of the coercive 
force to the energy relations obtaining in certain 
permanent-magnet steels, heat-treated in a magnetic 
field. 


MAGNETIC INVESTIGATIONS ON ALLOY 


SYSTEMS 


Kaufmann and Starr®? examined the magnetization 
of the copper-nickel solid solutions from pure copper 
to 50% of nickel. The 50% alloy had a ferromagnetic 
Curie temperature between 77° K. and room tempera- 
ture, whilst the alloys with lower nickel content 
showed temperature-independent paramagnetism 
gradually merging into ferromagnetism, following a 
definite Curie-Weiss law. In the first of two papers 
on magnetic studies of solid solutions, Bitter and 
Kaufmann®? devoted special attention to the effects 
of heat-treatment and plastic deformation. Observa- 
tions on binary copper alloys containing up to 0-7% 
of iron were reported. The iron atoms in solution 
retained a permanent magnetic moment of 3-5 Bohr 
magnetons, obeying a Curie-Weiss law at high 
temperatures. The precipitation process seemed 
complex, but there was first a rearrangement of atoms 
in the solution which precipitated out as a non- 
magnetic phase which was converted to a ferro- 
magnetic state by the application of cold work. 
Alternately, heat-treatment could produce the ferro- 
magnetism. The second paper, by Bitter, Kaufmann, 
Starr, and Pan,®‘ dealt with the properties of quenched 
alloys of this series. These showed unusual properties 
both in the saturation effects at low temperature and 
the apparent change in the magnetic moment of the 
dissolved iron atoms over the range 14—1300° K. 
Ferromagnetic gold-iron alloys were the subject of a 
research by Pan, Kaufmann, and Bitter.°> Magnetic 
measurements were made on a gold-iron alloy con- 
taining 37 at.-°/ ofiron. The quenched supersaturated 
solution was ferromagnetic, and on heating up to 
450° C. precipitation into two ferromagnetic phases 
took place. The mechanism of precipitation was non- 
uniform, as determined by X-ray powder photographs. 
Kaufmann, Pan, and Clark®* examined the magnetiza- 
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tion of gold-iron and gold-nickel solid solutions. 
There was a marked difference in the behaviour of iron 
and nickel when dissolved in either copper or gold. 
The iron atoms in dilute alloys had a large magnetic 
moment, i.e., up to about 5% of iron the Bohr 
magneton number calculated from the Curie constant 
varied from 3-4 to 5-7. On the other hand, the nickel 
atoms lost their magnetic moment, and the resultant 
susceptibility showed a complex temperature depend- 
ence. The iron alloys with gold became ferromagnetic 
with an 8 (atomic) % iron, whilst the nickel alloys 
with copper or gold required about 40 (atomic) %. 
Constant, Faires, and Lenander®’ made investiga- 
tions by magnetic methods upon impurities. An 
attempt to make ferromagnetic points non-magnetic 
by drawing them into solution was successful for 
copper and brass when they were heated to 900° and 
750° C., respectively, and then quenched. In the case 
of silver, the method was not successful. If the copper 
was heated in oxygen to the above temperature, or 
cold rolled, the ferromagnetism returned strongly. 
The impurity, presumably iron, was retained in 
solution by quenching, but was easily separated out 
by other treatments. Rado and Kaufmann? made 
measurements of the absolute saturation magnetic 
moment for atoms for nickel-antimony and nickel- 
tellurium alloys, as a function of composition for the 
two solid solutions in fields up to 40,000 oersted and 
temperatures down to 77°K. The results differed 
from those of Sadron and Marian, who found that the 
decrease of magnetic moment per added atom was 
proportional to the number of valency electrons in 
the metal forming a solid solution with the nickel. 
These are two of the very few exceptions to a large 
range of applicability. Guillaud and Borbezit® 
investigated the ferromagnetism of chromium-tel- 
lurium alloys. Alloys of chromium and tellurium 
formed by sintering the powdered elements in argon 
at 1200°C. were most magnetic at the composition 
CrTe. The moment of the chromium atom is 2-39 
Bohr magnetons, and the Curie temperature is 66° C. 
X-ray evidence confirmed that the Cr-Te had a Ni-As 
structure with a = 3-98 A. and c/a = 1-56. Chro- 
mium was not soluble in CrTe. The problem of the 
ferromagnetism of pyrrhotite was considered by 
Miyarara.® <A series of artificially prepared iron 
sulphides containing various amounts of dissolved 
sulphur was examined for magnetic susceptibility, 
X-ray analysis, etc. A sharp division between ferro- 
magnetic and paramagnetic sulphides was found in 
the magnetic measurements, but the axial ratio of 
the hexagonal lattice varied continuously with the 
sulphur content throughout the whole range of 
composition. The ferromagnetism of the manganese- 
bismuth system was the subject of an investigation 
by Zielmann.!@ It was found that manganese powder 
reacted with fused bismuth between 270° and 600° C. 
to form BiMn, a magnetic alloy whose structure was 
similar to NiAs. The Curie temperature was 343° C. 
Two papers on the magnetic properties of amalgams 
were published. In the first paper, Bates and Taylor! 
showed that when powdered chromium, prepared 
from chromium amalgam, was heated with sulphur 
in vacuo, a series of ferromagnetic compounds was 
formed, of which the magnetization-temperature 
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curves were recorded. In the second, Bates and 
Baker? described an apparatus by which the mag- 
netic susceptibility of amalgams from room tempera- 
ture up to 300° C. could be covered. The data obtained 
showed that all freshly prepared amalgams were 
diamagnetic if they had not been heated, the nickel 
showing a paramagnetic temperature-independent 
susceptibility. However, on heating to 225° C., the 
amalgams became irreversibly ferromagnetic. 


MAGNETO-RESISTANCE 


The longitudinal magneto-resistance effects in iron— 
nickel and iron—cobalt alloys were the subject of a 
paper by Shirakawa,!°* who measured the change of 
electrical resistance of alloys of iron—nickel and iron- 
cobalt systems at temperatures ranging from liquid 
air to 1150° C., in longitudinal magnetic fields up to 


1600 oersted. In the former system, the change of 
resistance of the alloys in the face-centred cubic solid 
solution on the nickel side was very much greater 
than for the body-centred solid solution on the iron 
side, whilst for iron-cobalt alloys the change for the 
face-centred cubic solid solution was considerably 
greater than for either the iron-rich body-centred 
alloys or the cobalt-rich hexagonal close-packed solid 
solution. 

Bozorth’>® made measurements on the magneto- 
resistance of nickel-iron alloys which showed both 
positive and negative magneto-striction (A). For the 
nickel-rich alloys, when ) was negative, the tension (c) 
decreased resistivity and the magnetic field (H) 
increased it. Ferromagnetic domain theory predicts 
the ratio o/H at which the resistivity is equal to 
that of the unmagnetized specimen. This was com- 
pletely borne out in the experiments. 
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Distribution of Materials in the Blast-Furnace 
Part II—COMPENSATED CHARGING 


By H. L. Saunders, Ph.D., F.R.I.C., and R. Wild, Ph.D. 


SYNOPSIS 


The paper deals with the extension of the work on the distribution of materials in the blast-furnace by com- 
paring the results obtained in the laboratory with those on a scale intermediate between the latter and full-s'ze 
furnaces. Comparative results show the reliability of the models as predictors, the necessity for some scheme of 
compensated charging to eliminate segregation, and the application of a scheme worked out in the laboratory to an 


experimental biast-furnace. 


the throat of a blast-furnace has been studied 

in the laboratory by means of small-scale models 
and sized materials. The experimental blast-furnace! 
offered a convenient means of extending these studies 
to a scale intermediate 
between that used in the 
laboratory and full-scale 
practice, and thus com- 
paring the behaviour of 


T" problem of the distribution of materials in 








_ materials at these two 
scales, firstly, using a bell 
and hopper of the normal 
type, and secondly, using 
a compound head-gear 

4 " A designed to enable the 

‘ . distribution of materials 

ae at the stockline to be 
controlled. 

LABORATORY STUDIES 


The extent of the segre- 
gation of particles in the 
furnace throat consequent 
upon their size and dens- 
ity has been discussed in 
a previous publication.” 
\i------ The models mainly used 
i " for this work were of the 
f---4er--4 ‘slice’ type, i.e., repre- 

: : senting a narrow strip 
across a diameter of the 
furnace, with both front 
; and back faces of glass. 
This technique enabled 
the various distribution 
patterns to be recorded 
photographically, but was 
not very suitable for 
quantitative | measure- 
| ment of the extent of the 

segregation produced. 
Furthermore, since, for 
the study of distribution 

-1— in 
oe eoaaaee ee from the bell, only the 
in sectioning burden throat of the furnace is 
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of interest, the models can be simplified by retaining 
only the top portion and substituting a piston for the 
mercury reservoir. Where it was desired to analyse 
the extent of the segregation quantitatively, the glass 
back was replaced by a sheet of plywood slotted 
vertically at regular intervals, to accommodate a 
corresponding number of metal slides. These could 
be pushed forward at the conclusion of an experiment 
from an initial position, where their edges were flush 
with the inner back surface, until they touched the 
glass front, thus dividing the model into a number 
of compartments as shown in Fig. 1. By removing 
the contents of each compartment in turn and 
subjecting them to size or density analysis, a quantita- 
tive measure of the extent of the segregation could be 
obtained. 

The use of these slice models, although represent- 
ing the simplest method by which visual pictures 
and photographic records of the distribution may be 
obtained, is open to criticism, for the volume of the 
furnace represented by any given volume of the model 
varies with its radial position. To assess this volume 
effect, circular models were constructed from trans- 
parent plastic to the same scale. The burden height 
was adjusted by means of a piston, and the extent of 
the segregation was determined by removing the 
head-gear and inserting a set of co-axial sampling 
tubes, thus dividing the stock annularly, this being 
followed by the removal of the material for subsequent 
analyses. 

Figure 2 shows the distribution of coarse material 
across the throat when an equi-volume mixture of 8/10 
and 60/100-mesh limestone is used: (a) in a slice 
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Figs. 2 and 3—Distribution of materials across stack 


model, and (6) in a circuiar model. From these 
curves the quantitative differences in distribution 
can be clearly seen. For example, in the slice modei 
the coarse material is in excess up to a point about 
Z in. from the centre, and in the circular model it is 
in excess to a point about 1} in. from the centre. 
Thus, although the slice technique gives a qualitative 
picture of the distribution in the furnace throat, it is 
not quantitatively accurate. In a circular container 
the cross-sectional area of any annulus is proportional 
to x2—y? where x and y are the limiting radii of the 
annulus, whereas in the slice model the corresponding 
area is proportional to x—y, where x and y are the 
limiting distances from the centre of the model. 
With circular containers the normal method of 
representing tie distribution (by plotting some 
characteristic ot the segregation against the distance 
from the centre) gives a distorted visual impression 
of the importance of any segregation trends, since 
undue emphasis is given to the central region and 
insufficient to the walls. This can be avoided by 
plotting the segregation characteristic against the 
square of the distance from the centre. In the slice 
model, however, the more correct visual picture is 
obtained by plotting the segregation characteristic 
directly against the distance from the centre. The 
discrepancy between the quantitative measurements 
in the two models, owing to this area effect, can be 
automatically corrected if the above method is 
employed, thus permitting direct comparison of the 
two sets of results, as illustrated in Fig. 3. 

Work with the sma!l]-scale models was not limited 
to the assessment of the distribution of materials 
which would be given by any head-gear in normal use, 
but was extended to explore methods by which a 
positive control could be exercised over the distribu- 
tion at the stockline. There are two ways in which 
this may be accomplished. In the first, each 
individual charge is spread either across certain 
annular portions, or the whole throat, in such a 
manner that the desired pattern is built up. 
This form of control needs considerable flexibility 
in the charging device, and is likely to lead to an 
over-complication of the mechanism involved. An 
example of such mechanism is discussed, in relation 
to the analogous problem of distribution cortrol in 
a gas producer, in a previous paper.® 

In the second method, individual charges are 
directed to different annular regions of the throat 
in such a manner that over a complete cycle the 
desired distribution is built up in a succession of 
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laboratory, many have not 
been followed up on the score 
of complexity. The basic 
problem is always the same—how to obtain maximum 
flexibility of control with simplicity of design and 
minimum wear, particularly on those parts situated 
within the furnace—and is one which cannot be fully 
resolved without relation to the engineering aspects 
of full-scale operation. 

A simple method of controlling the distribution is 
shown in Fig. 4a. Here, the bell, instead of over- 
hanging the hopper, is able to pass through it ; when 
the bell is lowered, the material is thrown to the 
walls, giving a V_ stockline, and raising the bell 
produces a reversal of both the contour and type 
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Fig. 4—Development of one type of compensated 
charging mechanism : A Basic design, bell passing 
through hopper ; B Addition of cylinder without 
gas seal ; C Introduction of gas seal, two-operation 
cycle ; D Three-operation cycle with gas seal 














SEPTEMBER, 1949 








119q Sursies puv 
Suys9Mo] Aq pasavyd [ers9} 


-vVul jo Sati0}efesy 


8 ‘Sia 








Aja} VIpsurs39j}Ur 
pesivyd j[emajeur Aig 
pue ‘313u99 0} pagieyo 
[VIIDIVUL 9IIYM *STTEM OF 
pesaevyo [enioyeur xorg 
*aJDAD UOMeIId0-3914} & 
Aq uoyesusdu0op—z *Si 


yAlep [erio}eu 
89SINOD puBw “jIYUST] [eI419} 
-vur 9UT) *Surgavyo 
uoNev13ad0-oM} YM U19} 
-jed uonesoig9g—9 “SIq 


Aq uonesusdurop 


9.1}U99 0} [BI10} 
“Bul yYIvp pu ‘sT[TVEM 0} 
pesivyo [eriojeur 3WYSTT 
‘aPAD UoMeIsd0-oM} & 


¢ ‘*SId 





1 To face p. 62 


Saunders and Wild 





©: © mere 2st now po © retest SZ: hA'aoeo-¢4 
—= be — a é ae ~ — & 
BASashk oa OCOUSMBe OB BR Se Goer WH OW D & 








1g 
ut 


on 


“= fa 
Ce oe ~~ ye b= —— Ta i, 4 

Ol s | — _ = S oot Se, Fm A —- << 
ee OD em Dee me OH DB Or Fr aD anooas, Sx OD 





Z worvssdo ur 9SAIVYISIP Jo o8u}s BI (q) tz uoneiedo ut ISIVYISIP Jo aSv3s Ajivq (v)—6 ‘Sly 





(q) 









Saunders and Wild) 
To face p. 63] 









SAUNDERS AND WILD: 
of distribution. With this head-gear it is possible 
to obtain a compensated pattern up the stack by 
charging appropriate volumes in sequence (see 
Figs. 5 and 6). One obvious criticism of this head- 
gear is that the burden is subjected to shear when 
the bell is raised, which, however, can be avoided 
by the use of a cylinder co-axial with the bell 
and of an exterior diameter equal to that of the 
bell. (See Fig. 4b.) For discharge to the centre, 
the burden is loaded into the hopper, and then the 
bell is raised, lifting the cylinder with it. For dis- 
charge to the walls, the material can either be loaded 
on to the bell and charged into the furnace in the 
normal manner, or it can be loaded on to the hopper 
and charged by first lowering the bell and then raising 
the cylinder. By increasing the exterior diameter of 
the cylinder slightly, and shaping the ends in the 
manner shown in Fig. 4c, gas leakage around the 
periphery of the bell would be reduced to a minimum. 

Although this device gives a theoretical method of 
distribution control it suffers from the serious dis- 
advantage that the volumes needed in each operation, 
to obtain the desired pattern, are large, and hence 
the height of stack over which compensation is spread 
out is very great (see Figs. 5 and 6). With smaller 
charges in each position, compensation is incomplete. 

To extend the degree of control, the head-gear 
was modified to provide a third means of charging the 
burden. The annular gap between the bell rim and 
the hopper was increased to such a width that the 
largest material to be charged fell readily through it. 
The thickness of the base of the cylinder wall was 
similarly increased so that it still rested on both 
bell and hopper when the two rims were at the same 
level (see Fig. 4d). The cycle of operations was then 
similar, but with the addition of a third movement 
in which the cylinder was raised while the bell 
remained at rest. The material then fell vertically 
through the annular gap to build up an M stockline. 
By charging suitable volumes of burden in each of 
these three operations a distribution pattern can be 
built up in which the constituent charges are much 
smaller, and compensation is effected over a much 
shorter length of stack (see Fig. 7). 

This is the method of control employed on the 
experimental blast-furnace. It is not put forward as 
the ideal ; in fact it suffers from certain disadvantages 
which will be discussed later, and other methods have 
since been evolved, based partly on the principles 
described here, and partly on those considered in a 
previous paper.? The method does, however, demon- 
strate the principle of distribution control by the 
cyclical combination of a number of operations, each 
of which gives a definite, but different, segregation 
pattern. 


THE EXPERIMENTAL BLAST- 
FURNACE 


TRIALS ON 


Many trials were carried out on the experimental 
furnace before blowing in, and details of these are 
grouped in three sections. 

(i) Distribution with a normal bell and hopper 
(ii) Compensated distribution with the compound 
head-gear 
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Fig. 10—Normai charging mechanism on the experi- 
mental blast-furnace, showing position of con- 
tainer in throat 


(iii) Pressure-flow relationships with differing 
distributions. 

In the first and second sections, trials were carried 
out with and without a blast of cold air through the 
furnace. Exactly similar experiments to those per- 
formed without blast conditions were made on the 
laboratory scale (,4;) in a slice model, in the 
manner already described.2 Selected experiments 
were also carried out on this scale in the circular 
model, and the results obtained from each were com- 
pared with those from the experimental blast-furnace, 
thus covering two different scales. The results are 
plotted on the same graphs (in the manner described 
earlier) wherever possible, but when the presentation 
becomes over-complicated they appear consecutively 

DISTRIBUTION TRIALS WITH A NORMAL 

BELL AND HOPPER 
Experimental Procedure 


Measured quantities of material were loaded sym- 
metrically into the hopper and charged into a con- 
tainer in the furnace throat. This container, which 
was a close fit, was supported on a wooden platform 
for the initial trials, but afterwards was suspended 
on three wire ropes which were bolted on to lugs on 
the inside of the upper rim of the container, passed 
vertically up through holes in the hopper, and 
were attached to a pulley block several feet above 
the bell operating lever. This enabled the stockline 
height to be maintained at any given value by 
adjustment of the pulley block. The arrangement 
of the bell and hopper and the furnace throat is shown 
in Fig. 10. When the desired quantity of material 
had been charged, the bell and hopper were removed 
and the container was withdrawn from the furnace 
throat by a block and tackle and lowered to the ground 
for analysis. The degree of segregation was deter- 
mined by driving two cylindrical sampling tubes 
(fabricated from -in. sheet steel with reinforced 
upper rims, with diameters of 12 in. and 18 in.) 
through the burden co-axially with the container. 
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Figs. 11, 12, and 13—Distribution of materials across stack 


The material was then removed from each annular 
compartment in turn and the size or density was 
determined as required. 

For. the trials concerned with size segregation, lime- 
stone was used, suitably graded between 1 in. and 
7y-in. For experiments on density segregation, 
Northamptonshire ore and coke were employed. 


Size Distribution Without Blast 


Effect of Variation of Stockline Height.—For these 
trials a pre-mixed burden, consisting of equal volumes 
of #;-}-in. and }-l-in. limestone, was used. Two 
trials were carried out ; in one the final stockline was 
16 in. and in the other 8 in., below the hopper rim. 
In each case the container was supported on a stand 
in the furnace throat with its base 28 in. below the 
hopper rim. In both trials the final stockline was 
V shaped, with the materials sharply segregated on 
the surface, the coarse material being at the centre 
and the fine material at the wall. The depth of the 
trough in the first trial was approximately 4 in., and 
in the second 7 in., thus confirming what had already 
been found in the laboratory models, namely, that 
as the stockline was lowered its contour became 
flatter. The size distribution of the material was 
determined in each trial (see Fig. 11), and represents 
a mean value, as the segregation is likely to be 
considerably more marked in the upper portion of 
the burden than in the lower, where the material 
has fallen a greater distance on to a flat stockline. 
This is confirmed by the greater mean segregation 
in the second trial where more material had been 
charged, and hence where the proportionate effect of 
the initial flat low stockline is 


carried out using similar materials. In the first, the 
bell was opened as rapidly as possible, and in the 
second, the operation took approximately 6 sec. The 
distribution of coarse and fine material in the two 
cases, illustrated in Fig. 13, shows very little 
difference. 

Effect of Variation in Grading Quality—In the 
trials described, an entirely artificial burden was 
used, since all the material of intermediate size had 
been removed, leaving only the lumps and fines. A 
series of trials was carried out using a more normal 
grading within the same size limits. In the first 
trial, a mixture of equal volumes of ?-1-in., 3—} in., 
and +-—}-in. limestone was used. The distribution 
of each constituent is shown in Fig. 14. It can be 
seen that whereas the coarse material is mainly 
located at the centre, and the fine material at the 
walls, the distribution of intermediate size is rela- 
tively uniform across the stack. The grading, in the 
second trial, was in equal volumes of six sizes, 
il in., }~$ in., §-} in., }-§ in., §-} in., and ¥g-} in. 
The distribution of the various fractions is shown in 
Fig. 15. The same general result is in evidence— 
fines and lumps predominating at the walls and centre 
respectively, with the distribution of the intermediate 
sizes fairly uniform across the stack. 


Density Distribution Without Blast 


A mixture of Northamptonshire ore and coke, each 
sized to 4-2 in., was charged into the container. The 
stockline contour was of the normal shape, but 
there was no obvious segregation of coke and ore at 
the stockline. The container was removed from the 
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Effect of Variation in the Rate 
of Opening.—Two trials were 
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Figs. 14 and 15—Distribution of materiais across stack 
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Figs. 16, 17a, and 176—Distribution of materials across stack 


furnace and its contents divided annularly as before. 
The ore and coke were separated by hand picking, 
and the results are shown in Fig. 16. It can be seen 
that the distribution of coke and ore is similar in 
type to that found in earlier laboratory experiments 
using hematite (9 = 4-0) but not so marked in 
extent, a result in line with the lower density of 
Northants ore (p = 2-5). 


Size and Density Distribution Without Blast 


Since differences in both size and density give rise 
to individual segregation patterns, it should be 
possible, given materials of differing density, to find 
size gradings such that the segregations are in 
opposite directions and cancel. This has _pre- 
viously been demonstrated in the laboratory using 
material with a density ratio of 3-2:1 and a size 
ratio of 2:1.* With the new ratio of 2-4: 1 a series 
of trials was made using coke and ore of differing 
sizes, as follows : 


Ore Size,in. Coke Size, in. Size Ratio 
9. 


1 . = 3-4 : 
= }-3 1-67: 1 
3 -) ee 4-3 1°43:1 
: j-3 4-3 1:1 


The material was mixed, charged, and subjected 
to distribution analysis in the usual way, and the 
type and extent of the segregation found is shown 
in Fig. 17a. It can be seen that an inversion occurs 
when the size ratio changes from 1-67: 1 to 1-43: 1, 
the size being the determining factor in the first case, 
and the density in the sécond. Thus, it appears that 
for these materials a mean size ratio of about 1-5: 1 
would give a reasonably uniform distribution. 


Distribution Trials Using Blast 

A series of trials was carried out to see whether 
an upward blast of cold air from the tuyeres would 
cause any alteration in the stockline contour or in 
the distribution of materials charged. 

The range of cold-blast volumes varied between 
0 and 110 cu. ft./min., which was considered to be 
equivalent to the range of flows likely to be encoun- 
tered when the furnace was put in operation. It was, 
in fact, eventually operated on 260 cu. ft./min. 
When considering the buoyancy effect and comparing 
it with the conditions obtaining in the cold trials, the 
following factors must be remembered : 

(i) The increase in volume owing to temperature 
and combustion. An average figure of 800° C. has 
been taken for the stack temperature ; correcting for 





* See Figs. 181, 132, and 133 of paper given in 
Reference 2. 
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this and for the combustion of 1 mol. of oxygen to 

2 mol. of CO, the wind volume in the stack becomes 

approximately 1200 cu. ft./min. 

(ii) The difference in density. The ratio of the 
density of blast-furnace gas at this temperature to 
that of cold air is approximately 3 to 1, and hence the 
equivalent cold-blast volume becomes 1200/4/3, or 
approximately 700 cu. ft./min. 

(iii) In normal operation the furnace contains 
approximately 7 ft. of burden above the tuyeres, 
whereas in the cold trials there was only about 1 ft. 
Thus the maximum indicated wind volume for the 
cold trials might be of the order of 100 cu. ft./min. 
For these trials the solid bottom of the container 

was replaced by a stout wire screen covered with a 
thin layer of }-3-in. limestone chips. After suspend- 
ing it in the furnace throat, the annular space around 
the walls was sealed with clay, as were the slag and 
iron notches and sampling holes, to ensure that all 
the blast passed through the burden. 

The blast flow was controlled by means of a motor- 
ized valve, and was measured by the pressure drop 
across an orifice plate in the main. The pressure 
drop through the burden was measured by an inclined 
water manometer connected to the sampling hole 
immediately below the container bottom. 

Size Distribution Under Blast—With the normal 
bell and hopper three distribution trials were carried 
out using blast flows of 0, 75, and 110 cu. ft./min., 
the first being the control. A mixture of —}-in. 
and 3—1l-in. limestone was charged in the usual man- 
ner, and the stockline height kept at approximately 
the same level as in previous experiments, the mean 
difference between the height of the stockline at the 
centre and at the walls being identical in all cases, 
viz., 7in. The pressure drop was very small, being 
0-02 and 0-05 in. W.G. for 75 and 110 cu. ft., respec- 
tively. No visual disturbance of the burden at the 
stockline was apparent at any stage. Figure 18 
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Fig. 18—Distribution of materials across stack 
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Fig. 19—Distribution of materials across stack 


shows that the segregation of coarse and fine material 
was essentially the same in each of the trials. 

Density Distribution Under Blast—Trials were also 
carried out using 4—#-in. ore and coke with blast 
volumes of 0 and 110 cu. ft./min., adopting the same 
precautions as before. Figure 19 shows the similarity 
of the results. 


Comparison of Experimental Blast-Furnace and 


Laboratory Studies 

A study of the curves in Figs. 11 to 17 clearly 
illustrates the extent to which laboratory results are 
in agreement with larger scale practice. Such segre- 
gation trends as are caused by variation of stockline 
height are found in both instances. Certain small 
variations, e.g., in Figs. 17a and b, where the dis- 
tribution of ore and coke with a size ratio (ore : coke) 
of 1-43 to 1 gives a rather different picture under the 
different experimental conditions, are undoubtedly 
caused by differing size ranges within the size grading 
on the different scales. 


DISTRIBUTION TRIALS WITH COMPOUND 
HEAD-GEAR 

The development of this type of compound head- 
gear in the laboratory has already been described, 
and initia] experiments on this scale had indicated 
that compensated distribution might be achieved by 
this means. 

The actual design and arrangements for its opera- 
tion on the experimental blast-furnace are shown in 
Fig. 20. The bell is suspended from a hand-operated 
lever, and may be supported at any desired level. 
Accurate adjustment is provided to ensure symmetry, 
so that the annulus between the bell rim and the 
hopper is uniform. This annulus is closed by a ring 
of circular section welded on to the end of a short 
cylinder connected, in turn, by three metal strips to 
a small circular metal plate suspended from a second 
lever. Three guides bolted on to the top of the hopper 
ensure vertical motion. The container is suspended in 
the throat in the same manner as before. 

With this compound head-gear the number of 
possible variations in the manner of charging is very 
considerable, and so only a representative selection 
was examined. An arbitrary datum, from which to 
assess variation, was chosen, viz., even distribution 
of coarse and fine material (or coke and ore) across 
the throat. Although this might not be the ideal, it 
provided a definite criterion by which any particular 
modification might be judged. 


Experimental Procedure 


In general the following standard method of charg- 
ing and operating the head-gear was maintained. 
Three operations constitute a cycle and were carried 
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out as follows, the material being spread sym- 
metrically around the hopper. 

Operation 1—The bell was lowered and the 
cylinder raised, giving discharge to the walls. 

Operation 2—The bell and cylinder were raised 
together by operating the bell lever alone, giving 
discharge to the centre. 

Operation 3—The bell was fixed so that its rim 
was in the same plane as the hopper rim, the 
cylinder was then raised and the material dis- 
charged intermediately. 

When the desired quantity of material had been 
charged, the head-gear was removed and the container 
withdrawn from the throat. Its contents were then 
divided into annular compartments and separated as 
before. 

The stockline height was kept at 24 in. below the 
hopper rim throughout the trials, except where this 
factor was itself under consideration. A 4-in. drop 
in the bell and a 6-in. rise in the cylinder were main- 
tained. 

In all trials where the effect of modifications in the 
dimensions and operation of the head-gear were under 
consideration, an artificial burden consisting of equal 
quantities of }-3-in. and #,—}-in. limestone was used 
so that segregation trends would be magnified. 


The Evaluation of the Optimum Volumes for Each 
Operation of the Cycle 

The theoretical picture of the pattern of charges 
built up in the stack by each of the three operations 
has been discussed earlier, and is shown in Fig. 7. 
Working on this basis, the calculated volumes were 
found to be approximately 5, 1, and 5 skips respec- 
tively. These values were used as a starting point 
for the investigation of the problem. In the first 
cycle, where, in operations 1 and 2, the material is 
charged on to a flat stockline, half these volumes 
were charged at each operation. Similarly, in the 
final cycle, in order to finish with a flat stockline, 
only half the material was charged in operation 3. 

Figure 21 shows that the distribution obtained in 
two trials with this cycle is very close to the pro- 
visional standard of uniformity. The figure also 
shows that, although the distribution obtained in a 
small-scale laboratory model is essentially of the 
same type, it does not completely conform to that 
obtained on a larger scale. This divergence between 














Fig. 20—-Compound charging mechanism on _ the 
experimental blast-furnace 
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Figs. 21, 22, and 23—Distribution of materials across stack 


results obtained in the trials and laboratory will be 
seen to persist, and will be discussed in detail later. 
The amounts charged in each operation were 
varied in turn, so that the effect of each alteration 
could be assessed. Figure 22 shows the change (in 
distribution of coarse and fine material) resulting 
from an increase of from 5 to 6} skips in the volume 
charged in operation 1. There is a slight increase in 
the relative amount of coarse material at the centre 
and fine material at the walls ; this would be expected 
when an increased proportion of the total material is 


thrown to the wall. Figure 23 shows the effect of 
increasing from 1 to 2 skips, the proportion of 


material charged in operation 2. The effect, though 
small, is in the anticipated direction, viz., more fine 
material at the centre when relatively more material 
is charged into that region. Figure 24 shows the 
effect of charging both more and less material in 
operation 3. It can be seen that an alteration from 
the calculated volume in either direction causes an 
increased divergence from uniformity. 

Comparison with the graphs obtained with similar 
laboratory experiments shows firstly, that there is the 
same type of discrepancy between experimental 
blast-furnace and laboratory scale throughout, and 
secondly, that any divergence from the calculated 
proportions gives a less uniform distribution, and this 
deviation from uniformity is considerably accen- 
tuated on the laboratory scale. 

From these experiments it is evident that the 
calculated volumes for the three operations of the 
cycle are satisfactory, and these were generally 
adopted in subsequent work. 

Effect of Variation of Rate of Cylinder Rise— 
Normally the cylinder was raised rapidly (within 
1 sec.). Two trials were carried out to see if any 
marked difference in distribution followed when the 


cylinder was raised slowly (approximately 4 sec.), all 
other factors being maintained constant. Figure 25 
shows that there are only minor differences attribut- 
able to the slower movement of cylinder rise. Com- 
parison with curves obtained with comparable labora- 
tory experiments shows, however, that under similar 
conditions the rate of cylinder rise has a larger influ- 
ence—slower movement causing increased divergence 
from uniformity. 

Effect of Variation of Position of Charge in Opera- 
tion 3—Trials were carried out in which operation 3 
was performed in each of three ways, i.e., material 
loaded : (a) outside the cylinder; (b) inside the 
cylinder, and (c) half inside and half outside. Figure 26 
shows that there is an appreciable difference in the 
distribution, especially at the centre, the proportion 
of coarse material increasing markedly when the 
charge is loaded on the bell for this operation. Close 
observation of the fall of the burden in this operation 
shows that when loaded on the hopper it is thrown 
initially to the centre as the cylinder rises. Conversely, 
if loaded on the bell, it is thrown initially towards the 
walls. This mainly affects the central region of the 
furnace, giving a deficiency of coarse material in the 
first case, and an excess in the second. When half the 
material is loaded on the bell and half on the hopper 
(for this operation), the distribution at the centre is 
much more uniform as the material falls vertically. 
Comparative laboratory experiments show no such 
effect, as the material falls mainly vertically in all 
cases. 

Effect of Variation of Annulus Width—Coarse 
material often tended to stick in the annulus in 
operation 3 and, on occasions, the bell needed move- 
ment to free it. The width of the annulus was, 
therefore, increased from | in. to 13 in. by reducing 
the diameter of the bell from 14 in. to 13} in., the 
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Figs. 24, 25, and 26—Distribution of materials across stack 
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Figs. 27, 28, and 29—Distribution of materials across stack 


cylinder being suitably adjusted to fit symmetrically 
over the gap. With this increased annulus width 
the material fell freely in operation 3. Figure 27 shows 
that the change in dimensions did not cause any 
appreciable change in the distribution ; in particular, 
the decreased bell-throat ratio did not cause an 
increase in coarse material at the walls. 

Effect of Variation of Stockline Height—The initial 
laboratory experiments had indicated that a low 
stockline was necessary so that material charged 
from the bell and hopper might reach the walls and 
centre respectively, and the use of a low stockline 
had been adhered to throughout. A series of three 
trials was carried out, however, in which the stockline 
height was 24 in., 18in., and 12 in. below the hopper 
rim. Figure 28 shows that the distribution is very 
similar in the first two trials, and in each case reason- 
ably uniform. In the third, however, there is a 
very marked excess of coarse material at the walls, 
owing to the material not reaching this region in 
operation 1. Observation of the fall of the charged 
material showed that in the first two cases the 
material reached the walls and centre at the stockline 
when charged by operations 1 and 2 respectively, 
but not in the third case. Comparable experiments 
on the laboratory scale show a similar trend, but 
here the deviations from uniformity are very marked 
with a stockline height equivalent to 18 in. This 
corresponds to the observed fact that with this 
stockline height the material does not reach either 
the walls or the centre in operations 1 and 2. 

Effect of Variation of the Total Volume Charged in 
ach Cycle—The volume of material charged in each 
cycle had been kept at a standard value, 11 skips, 
made up of 5, 1, and 5 skips by operations 1, 2, and 
3 respectively. Two trials were carried out to find 
the effect of varying this total volume. In the first, 
the standard cycle was maintained, and in the 
second, half the usual volume was charged in each 
operation. Figure 29 shows that the distribution is 
only slightly less uniform when smaller quantities 
are thus charged. This suggests that the important 
criterion for compensation is the ability to deposit 
material over various annular positions of the stock- 
line, rather than exact balancing of geometrical 
patterns. 

Comparative results on the laboratory scale show a 
similar effect, but the increased divergence with 
smaller charges is more marked. 

Effect of Variation of the Grading Quality—An 
‘examination was made of the effect of using a more 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


uniformly graded burden, consisting of a mixture of 


equal volumes of 4$—#-in., 3-4-in., }-3-in., }—}-in., 


and +—}-in. limestone in place of the simple mixture 
of coarse and fines (used in previous trials). Although 
this trial was performed with the narrow (l-in.) 
annulus, the material discharged freely in operation 3, 
suggesting that the main cause of the trouble experi- 
enced here was the large proportion of coarse material 
used. Figure 30 shows that each size is well dis- 
tributed across the stack. A comparative laboratory 
experiment showed that the distribution was rather 
less regular under these conditions, particularly with 
the material in both the extreme size groups, and 
that these deviations fit into the normal pattern of 
excess coarse material at the walls and excess fines 
intermediately. 

Effect of Simplification of the Charging Cycle—Tests 
were made to ascertain the extent of compensation 
that could be effected by using a modified charging 
cycle consisting only of operations 1 and 2. The 
theoretical quantities needed for compensation by 
the balancing of geometrical patterns are large, being 
15 and 74 skips respectively, but results with the full 
cycle suggest that relatively uniform distribution may 
be obtained using smailer quantities. 

In the first test 2} skips were used for each opera- 
tion. The curve A, in Fig. 31, shows that this gives 
uniform distribution in the wall region, but that there 
is an excess of fines at the centre, and coarse material 
intermediately. This suggests that although the 
volume of material charged to the centre is sufficient 
to cause coarse material to roll to the wall region, the 
volume of material charged to the walls is insufficient 
to allow rolling of coarse material to the centre. 
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Fig. 30——Distribution of materials across stack 
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In the second test the volumes 
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A laboratory experiment, with 
volumes equivalent to 5 and 23 
skips used for operations 1] and 2, 
shows a divergence from uniform distribution of the 
same type as that obtained with 3-operational charging. 


Density Distribution Without Blast 

A mixture of equal volumes of 3—}-in. Northamp- 
tonshire ore and coke was charged in the standard 
matter. The container was removed and the con- 
tents separated by hand picking. Figure 32 shows 
that the distribution is relatively uniform across the 
stack, and that the distribution obtained in a compara- 
tive laboratory experiment is less uniform, the 
divergence being of the same general type, the 
material which rolls more readily, ¢.e., coke, being in 
excess in the centre and the less mobile ore in excess 
intermediately. 


Size and Density Distribution Under Blast 

Further trials were carried out under the standard 
conditions for 3-operational charging with blast 
varying from zero (control) to 110 cu. ft./min. The 
pressure drop through the burden in the throat was 
larger than when charging was carried out with a 
normal bell, being 0-15 in. W.G. at 75 cu. ft./min. 
and 0-26 in. W.G. at 110 cu. ft./min. 
the burden showed no signs of teetering at the stock- 
line. Figure 33 shows that the distribution across 
the stack was relatively uniform in all cases, with no 
segregation effects caused by blast. 

Employing the modified cycle of 5 skips in opera- 
tion 1 and 2} skips in operation 2, the pressure drop 
through the burden in the throat was 0-16 in. W.G., 
with a flow of 75 cu. ft./min. Figure 34 shows that 
the distribution was substantially the same with or 
without blast. 

A coke and ore mixture, graded 3-}-in., was 
charged in the normal manner under a range of blast 
flows from 0 to 110 cu. ft./min. Figure 35 shows that 
the maximum blast flow does not materially affect 
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Figs. 31 and 32—Distribution of materials across stack 


Comparison of Experimental Blast-Furnace and 


Laboratory Results 

It can be seen from the experimental blast-furnace 
trials that, under suitable operating conditions, the 
desired uniform distribution of coarse and _ fine 
material can be obtained on this scale, as well as 
deviations from it in any desired direction. The 
laboratory experiments, however, while demonstrat- 
ing that a reasonably uniform distribution could be 
obtained, showed, in all cases, definite segregation 
trends, namely, a tendency towards excess coarse 
material at the walls and centre, and excess fines 
intermediately. This discrepancy is caused by an 
inherent difficulty in design, which becomes more 
apparent as the scale decreases. The horizontal 
distance to be travelled by the falling burden from 
the bell rim to the walls to produce a V stockline, 
and conversely, from the hopper rim to the centre 
to produce an inverted V stockline, is considerable. 
For this reason a low stockline is necessary (see Fig. 8, 
in which the trajectories of the material charged by 
operations 1 and 2 are shown). The material leaving 
the bell initially has a low velocity, and hence falls 
more vertically than following material. The effect 
of this is to produce, in the case of discharge from 
the bell, an M stockline changing to a V as the rate 
of discharge increases, and in the case of discharge 
from the hopper, an M stockline changing to an 
inverted V. This obviously has an effect on the 
segregation produced in each operation, and com- 
pensation will not occur if an appreciable proportion 
of material is added before the desired stockline con- 
tour is obtained. This proportion is likely to be large 
where the total quantity charged is small, as in the 
laboratory experiments. Hence, under these condi- 
tions, a cycle intended to give uniform distribution 
would in fact give an excess of coarse material at 
the walls and centre, and an excess of fines inter- 
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Figs. 33, 34, and 35—Distribution of materials across stack 
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Figs. 36 and 37—Distribution of materials across stack 


slice models was demonstrated by high-speed film 
records of these two charging operations, which 
clearly revealed the changing trajectories of the falling 
material and the anomalous segregation produced, 
as compared with that which would be anticipated 
from the final stocklines (Figs. 9a and b*). On a 
larger scale, the proportion of the material leaving the 
bell before the normal trajectory is attained is likely 
to be smaller, and therefore to interfere less with, the 
desired pattern. Such was indeed the case, since a 
theoretical cycle calculated to give uniform distribu- 
tion achieved its object. Other results of the experi- 
mental blast-furnace trials also indicate that this 
uniformity is attained even when conditions are 
altered in such a manner as to diminish the throw to 
the walls and centre. For example, with an 18-in. 
stockline height the distribution remains essentially 
uniform, and segregation trends associated with 
insufficient throw to the centre and walls are not in 
evidence until the stockline is raised to 12in. Similar 
laboratory experiments show a marked increase in 
these segregation trends when the stockline height is 
raised to an equivalent of 18 in. Again the distribu- 
tion shows no marked change with a slower cylinder 
rise. This would tend to decrease the initial velocity 
of the material leaving the bell and hopper, and in the 
laboratory experiments causes a marked increase in 
the non-uniformity of the distribution. It is evident 
that if the scale is sufficiently large to ensure that the 
relative volume of material reaching the stockline 
before the desired contour is built upis small, adequate 
control over the distribution is secured by the new 
tvpe of head-gear. 


PRESSURE-FLOW RELATIONSHIPS WITH 
VARIOUS DISTRIBUTIONS 

The problem of pressure drop through beds of 
material has been studied by many investigators.4~* 
The resistance to blast flow of a column of burden 
is given by ‘the pressure differential. If similar 
volumes of the same mixture of materials are used, 
pressure-drop differences for identical flows can only 
be caused by differences in segregation, and hence 
give a measure of the exteut of channelling. 

Measurements were made using equal volumes 
of a mixture of }—?-in. and #,—}-in. limestone, while 
the blast flow was maintained at 75 cu. ft./min. The 
material was first charged from a normal bell and 
hopper, and then in the standard manner from the 
compound head-gear. Pressure-drop readings were 





* Figures 9a and b are reproduced from a high-speed 
cine film of the discharge by operation 2, and show the 
trajectories in the early and late stages respectively. 
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, head-gear. 

When the burden grading is 
more uniform (equal volumes of 
4—3-in., 3-}-in., }-3-in., 4-}-in.. 
and }—}-in. limestone) the pressure 
differential for any given blast flow with norma! 
head-gear increases (Fig. 37, curve A), and a further 
increase obtains by introducing compensation (Fig. 
37, curve B), though not to the same extent as in 
Fig. 36, curve B. Thus compensation reduces chan- 
nelling most effectively when the burden contains a 
high proportion of fines. 


CONCLUSIONS 

(1) Quantitative measurements of. the extent of 
segregation in laboratory slice and circular models 
are in close agreement when slice model results are 
corrected for the varying radial scale factor. 

(2) The slice and circular models then give an 
exact picture of distribution with a normal bell and 
hopper on the experimental blast-furnace scale. With 
a compound head-gear the laboratory models give a 
qualitative indication of the distribution in all cases : 
when only small quantities of materials are being 
charged due allowance can be made to permit a quan- 
titative prediction of the results on the larger scale. 

(3) A new design of bell and hopper mechanism 
has been evolved from the laboratory models to 
permit location of the charged material within defined 
annuli. This has been examined in the experimental 
blast-furnace, confirming the laboratory findings. 

(4) In this mechanism a new principle has been 
introduced and examined, in which successive charges 
with complementary segregation patterns are super- 
imposed. The method permits full flexibility of 
control, so that any desired radial distribution can 
be obtained according to the choice of charging cycle. 

(5) A uniform blast of air, corresponding to norma! 
operation, does not disturb the distribution patterns 
obtained in the furnace throat. 

(6) Compensated radial distribution affords a satis- 
factory method of minimizing channelling caused by 
segregation, and would therefore improve gas/solid 
contact in the furnace. 
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The Metering of Liquid Fuel Flow 


LABORATORY TESTS ON METERING PUMPS FOR HEAVY FUEL OIL 
By J. Stringer, B.A., and A. F. Gay, B.A. 
SYNOPSIS 


Metering pumps are being investigated as a means of overcoming some of the difficulties of 
liquid flow measurement and control. This report contains results of laboratory tests on several 
types of reciprocating pump, and some information on rotary pumps. 

A high standard of accuracy is obtained from variable-stroke swash-plate-driven reciprocating 
pumps made to close limits of dimensional accuracy and with driven valves. An outline is given 
of proposed intensive trials in a steelworks to determine the rate of wear of such a pump under 
service conditions and its effect on metering accuracy. 


NVESTIGATION of the behaviour of several types 
of oil flowmeter has already been reported.!,? It 
was concluded that present methods of measuring 

the rate of flow of heavy fuel oil are not completely 
satisfactory, and that there is scope for the develop- 
ment of improved methods. 

Although a flowmeter is used in oil-burning furnace 
installations for assessing performance, its main 
function is to assist the operators in setting and 
adjusting the flow valves. Variations in oil pressure, 
due to conditions at the burner or in the ring main 
and pumping station, cause unwanted changes in the 
rate of flow through the valves, so that frequent 
attention must be given to the valve settings. Thus, 
there is need for a flow controller to take over this 
part of the operator’s duty. A positive-displacement 
metering pump could fulfil the functions of meter and 
controller simply and without the time lag found in 
the response of the more usual type of meter- 
controller systems. 

Rotary types of pump were first investigated, since 
they give a non-pulsating output. In general, 
viscosity and pressure were found to have a too great 
effect on the delivery, and accurate metering would 
require closer control of oil temperature and back 
pressure than could be guaranteed. 

Reciprocating metering pumps of the swash-plate 
type are available, and small pumps of this type, 
with deliveries up to 50 gal./hr., are used for oil- 
burning equipment. It is claimed that they have an 
accuracy of within + 1% at oil pressures up to 
150 lb./sq. in. and within a viscosity range of 
30-3000 sec. Redwood No. 1. Metering pumps for 
aircraft use and high-pressure pumps for hydraulic 
systems, having capacities of up to 500 gal./hr. are 
available, and it was decided to investigate extension 
of their field of use to the metering of heavy fuel 
oil. 

With the co-operation of the Shell Petroleum Co., 
Ltd., a laboratory investigation was made of three 
representative pumps, and the results are summarized 
in this report. Complete reports on the individual 
pumps have been prepared by the Shell Petroleum 
Co., Ltd.* 

The next stage in the investigation is to run a 
pump for a long period under service conditions to 
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the effects of accuracy and 


examine wear on 
reliability. Arrangements have been made for such 
a trial. 


REQUIREMENTS OF METERING PUMPS 
The requirements for metering pumps may be set 

out as follows : 

(1) The rate of delivery must not vary more than 
+ 2% for all conditions at any one setting for a 
10 to 1 range of flow rates. 

(2) The conditions mentioned in (1) must include 
all possible variations of oil viscosity and temperature 
(t.e., up to 100 sec. Redwood No. 1 and 240° F.) and 
of pressure (i.e., 0-140 Ib./sq. in. on either the inlet 
side or the outlet side). 

(3) It must be possible to start the pump when it is 
full of cold oil, although accurate metering is not then 
essential. 

(4) The pump must have a useful life of not less than 
the duration of a furnace campaign, and during this 
period the performance must not deteriorate beyond 
the required limits of accuracy. 

In interpreting these requirements the pump and 
its driving motor must be considered as a unit. 
The rate of delivery will be proportional to the motor 
speed, and this must be subject to close control. At 
the present time it is not possible to drive a syn- 
chronous motor at closely constant speed, but this 
will be the simplest and cheapest when the frequency 
of electric power supplies is again maintained con- 
stant. At present, recourse must be had to electronic 
methods of control, and suitable equipment is now 
available. Control is based on a comparison be- 
tween a reference voltage and the output of a 
tachometer generator driven by the motor. The 
difference between these voltages excites the grid of 
the set of thyratron valves which passes the armature 
current to the motor, causing them to pass more or 
less current, depending upon whether the motor is 





Paper PE/AB/13/49 of the Instruments Sub-Com- 
mittee of the Fuel Committee of the Plant Engineering 
Division of the British Iron and Steel Research 
Association, received 6th May, 1949. The views 
expressed are the authors’ and are not necessarily 
endorsed by the Sub-Committee as a body. 

Mr. Stringer is on the staff of the Plant Engineering 
Division of the British Iron and Steel Research Associa- 
tion. Mr. Gay is at the Shell Petroleum Co., Ltd. 
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under- or over-speeding. The performance expected 
from the speed control is : 

(1) Difference of speed due to load variation 
between ‘ full load’ (3 h.p.) and ‘no load’ will be 
+ 7}$1r.p.m. at all speeds between 300 and 1500 r.p.m. 

(2) Drift due to variations in mains frequency and 
voltage and in ambient temperature will be not 
greater than 4% over long periods at constant load. 
Since this is the best speed control which can be 

expected at the present time, it follows that the 
pump must meter accurately to within + 14%. 
On the other hand, greater accuracy in the pump 
means that a less precise speed control may be used. 


DESCRIPTION OF THE PUMPS TESTED 


Three pumps have been obtained for test as being 
representative of the reciprocating type of positive- 
displacement metering pump. It is emphasized that 
none of the pumps has been specially designed as a 
meter for heavy fuel oil. Thus, although the 
practical difficulties in applying each pump are 
discussed later in this paper, it must be realized that 
these difficulties often arise from the difference 
between the present requirements and the original 
design requirements, and are not necessarily inherent 
in the particular principles on which the pumps are 
designed. 


Pump A 


Pump A was designed for the injection of petrol 
to an aero-engine and has a capacity of about 220 
gal./hr. at 3000 r.p.m. A larger model is available. 
In principle the pump is of the variable-stroke 
reciprocating type, with five pistons. Inlet and 
outlet ports are alternately covered and uncovered by 
a sliding valve plate driven epicyclically from the 
pump shaft and held against the cylinder block by the 
difference between the inlet and outlet pressures. 
The stroke of the pistons is controlled by varying the 
angle of the swash plate which drives them with a 
mechanical linkage and an oil servo. This servo was 
necessary in an aero-engine installation to afford 
compensation for variations in the operating condi- 
tions of the engine, and it may later be possible to 
use it for automatic compensation for furnace 
operating variables. For the purposes of test, the 
servo, which responds proportionately to an applied 
pressure, was operated by a spring compressed by a 
screw. The position of this screw could be measured 
by means of a micrometer sleeve and drum fixed to 
it and the pump body respectively. 

Mounted on the same shaft as the swash plate is a 
gear pump. This was intended to maintain a 
moderate feed pressure at the inlet to the metering 
pump proper under conditions of reduced 
atmospheric pressure (i.e., in high-altitude flying). 
The outlet pressure-regulating valve of this pump 
has heen modified to give either 30 or 100 Ib./sq. in. 
pressure rise across the gear pump. Thus the 
metering portion of the pump has to increase the 
pressure only by an amount sufficient to ensure close 
contact between the end of the cylinder block and 
the valve slider. This pressure rise across the meter- 
ing pump is regulated by a valve which allows no 
oil to be delivered unless the pressure rise is at least 
20 Ib./sq. in. 
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Pressurized oil from the gear pump is used in the 
servo chamber. The oil thus used is not metered, 
and pfusses out to atmosphere via a restrictor and 
must be collected. A further drain of oil occurs 
along the drive shaft since there is no sealing gland 
between the shaft and the pump casing. During 
the course of the initial tests, using gas oil, it was 
obvious that the drain of oil was excessive, and the 
pump was returned to the manufacturer for modifica- 
tion. The restrictor was reduced in size and some 
changes were made to the oil passages in the pump 
before carrying out tests with heavy fuel oil. 

Were the pump to be used for coal tar fuels a 
separate oil supply to the servo would have to be 
arranged ; this might be provided through the gear 
pump if the metering portion of the pump were fed 
with tar fuel under pressure from a ring main. 

There is no inherent safety-valve action in the 
pump to accommodate sudden increases in back 
pressure, and an external pressure relief valve is 
necessary. 

The pump has a cast-iron body and case-hardened 
steel pistons. The pistons are not individually lapped 
in the cylinders but are interchangeable, the clear- 
ances being held to within 75 + 25 micro-in., accord- 
ing to the manufacturer. 

The cost of pump A is approximately £100. 


Pump B 

Pump B was designed to deliver kerosene at 
constant pressure to the combustion chamber of an 
aircraft gas turbine. It has a capacity of about 
430 gal./hr. at 2000 r.p.m. The rate of delivery is 
altered by varying the angle of a stationary swash 
plate which bears on the ends of seven pistons moving 
in a rotating cylinder barrel. The further end of the 
cylinder barrel bears against a fixed block containing 
suction and delivery ports. 

Variation in swash-plate angle (and therefore of 
pump delivery per revolution) is effected by turning a 
handwheel connected to a screwed shaft bearing on 
one side of the swash plate and held in contact with 
it by a ram actuated by the oil delivery pressure. 
When this back pressure on the pump reaches a 
pre-set value a further ram presses on the swash 
plate which returns to the vertical position, and thus 
the delivery is reduced to zero even though the pump 
is still rotating. This is a useful safety device and 
allows for stopping the oil flow during furnace reversal, 
for example, without alteration of the pump setting. 

The seal on the drive shaft is designed to withstand 
a pump inlet pressure of only 6 Ib./sq. in. This is a 
disadvantage when operating from a_ pressurized 
ring main, since a pressure regulating valve must be 
provided. 

The pump tested in the laboratory was of the 
aircraft type described, with an aluminium-bronze 
rotor in an aluminium body. The manufacturer is 
developing, for use in hydraulic mechanisms, a similar 
pump of more robust construction with a cast-iron 
body. The internal dimensions are the same, and 
arrangements are being made to obtain one of these 
pumps for trials in a steelworks. 

The approximate cost of this commercial model is 
£75. 
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Pump C 

Pump C is designed for high-pressure hydraulic 
installations. There are six pistons operated by 
direct contact with a swash plate whose inclination 
to the driving shaft is fixed. Variation in delivery 
is effected by varying the speed of the driving motor. 
At 1000 r.p.m. the output is about 350 gal. /hr. 

Suction and delivery valves are not driven, but 
are spring-loaded and are free to move under the 
influence of the oil-pressure differentials caused by 
piston movement. 

The pump is of robust construction, being designed 
for a delivery pressure of 6000 lb./sq. in. Cylinders 
and pistons are replaceable and are available in 
several sizes so that the capacity of the pump may 
easily be changed. 

The approximate cost of pump C is £80. 

LABORATORY APPARATUS AND TECHNIQUE 

A piping diagram of the test apparatus is given 
in Fig. 1. Before starting tests with heavy fuel oil, 
which had to be heated above the room temperature, 
preliminary runs were made on two pumps, using a 
light distillate oil (gas oil). The layout of the 
apparatus includes provision for heating the oil, with 
a by-pass for use when pumping gas oil. The effect 
of a ring main is simulated by the service pump 
acting in conjunction with a pressure regulating 
valve so that the portion to the right of the manifold 
(as drawn in Fig. 1) is maintained at a constant 
pressure. The back pressure on the pump is adjusted 
by valve 1 and the delivered oil is either returned 
to the manifold via valve 2 or passed via valve 3 
to the collecting drums. The collection procedure is 


OIL STORAGE TANKS (LAGGED AND HEATED) 


FUEL GAS FUEL GAS 
OIL OIL OIL OIL 
SUPPLY | RETURN | 


METERING 


OF LIQUID FUEL FLOW de 


explained below. For testing with hot heavy fuel 
oil, valve 4 is closed and oil is drawn from the 
manifold through the heaters and to the hot oil 
accumulator whence oil is displaced to the metering 
pump. 

The hot oil accumulator is necessary since heaters 
adequate for a flow of, say, 500 gal./hr. and a tempera- 
ture rise of 100° F., would consume 52 kW.—rather 
more than could conveniently be provided. Before 
a test, oil is circulated by the metering pump through 
the heaters and the reservoir until the latter is full 
of oil at the desired temperature. This oil is then 
used in the test and is replaced in the accumulator 
by cold oil. The accumulator has a capacity of 
about 120 gal. The operation with gas oil is similar, 
except that the heaters are off and no previous 
circulation is necessary. 

The important quantity derived from each test is 
the volume delivered by the pump per revolution 
of its shaft. This quantity should be the same, at 
any one pump setting, for all variations of oil 
temperature and pressure. A weighing method was 
chosen for determining the delivery per revolution. 
Coupled to the pump shaft is a double-worm reduction 
gear, giving ratios of 100 to 1 and 10,000 to 1. The 
intermediate shaft (rotating at one-hundredth of the 
pump speed) carries an insulated disc with one 
contact connected in series with one, two, or four 
contacts on a disc on the slowest shaft. Thus a 
contact is made precisely at every 10,000, 5000, or 
2500 revolutions of the pump shaft. This contact is 
used to operate, via a relay and solenoid, a two-way 
chute which diverts the oil delivered by the pump 
into one or other of two drums. 
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Fig. 1—-Layout of laboratory test rig 
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Before making a test, the oil pressures and other 
running conditions are adjusted as desired, the oil 
delivered passing into an unweighed drum. The 
contact mechanism then causes the oil to be diverted 
into a tared drum for a known number of pump 
revolutions without upsetting the conditions at the 
pump, as would be done if a valve change-over 
system were used. Meanwhile the first drum is 
replaced by a further tared drum so that two 
consecutive observations are made at each set of 
conditions. The maximum difference expected 
between weights of successive drums of oil is 0-3%, 
owing to insensitivity of the balance. 

A positive-displacement pump will deliver a con- 
stant volume of oil per revolution. Accordingly, the 
outputs have been converted to volumes, using the 
specific gravity appropriate to the measured tempera- 
ture at the pump in each case. 

The oils used in the tests had the following 
properties : 


Temp. Coefficient of 
Spec. Grav., per °F. 


Specific Gravity 


Viscosity, sec., 
at 60° F. 


Redwood No, 1 
Heavy fuel oil 

993 at 100° F. 

490 at 120° F. | 


179 at 160° F- ( 0-950 —0- 00036 
121 at 180° F.) 

Gas oil 
35 at 100° F. 0°8535 — 0° 00037 


Tests were not made at temperatures appreciably 
greater than 180° F. as the rate of heating of the oil 
then became very slow. 


LABORATORY TEST RESULTS 


The tests for consistency of delivery under various 
conditions are considered separately for each pump 
in this section. Some other points arising out of the 
tests are also included. The power consumption of 
each pump has been measured by noting the electrical 
consumption of the driving motor, both when 
connected to the pump and when running light. 


Pump A 


Pump A has been tested both with gas oil and with 
heavy fuel oil, the latter at a series of temperatures. 
Since the mechanism for changing the swash-plate 


angle includes an oil servo it was first necessary to 
examine the relationship between the force applied 
to the servo piston and the consequent position of 
the swash plate, which might depend on the pressure 
and viscosity of the oil in the servo system. The 
force on the servo position is represented by the 
position of a screw (referred to as the servo setting- 
screw) compressing the actuating spring while the 
swash-plate position is measured by a pointer con- 
nected by a mechanical linkage to the swash plate. 

The relationship was investigated at inlet pressures 
of 50 and 90 Ib./sq. in. in the gas-oil tests, and gave 
two curves separated by ;4, of the full swash-plate 
travel. This corresponds to an increase in flow, at 
any setting of the servo screw, of 0-042% of the 
maximum for each reduction in pump inlet pressure 
of 1 lb./sq. in. This change is excessive and, before 
the fuel-oil tests were started, the restrictor control- 
ling the flow through the servo chamber was reduced 
in size in an attempt to reduce the effect and to 
reduce the drain of oil from the servo. 

With hot fuel oil, both viscosity and pump inlet 
pressure affect the operation of the servo chamber. 
The magnitudes of the effects of oil temperature and 
pump inlet pressure on the screw setting at a series 
of swash-plate positions correspond to —0-04% of 
the maximum flow per degree Fahrenheit temperature 
rise, and —0-025°% of the maximum flow per 1 lb./sq. 
in. rise in inlet pressure. 

In both series of tests the settings were made by 
adjustment of the servo setting screw. The gas-oil 
results are quoted at the corresponding swash-plate 
positions, giving the accuracy of the metering 
element of the pump alone. The fuel-oil observations, 
on the other hand, were made at a series of screw 
settings with no attempt to compensate for the 
changes in swash-plate position with temperature and 
pressure. This gives the overall consistency of the 
pump and servo as a unit acting as a controller 
pre-set by a hand-operated screw. 

The delivery of the pump, in gallons per 100,000 
shaft revolutions, is given in Table I for gas oil, and in 
Table II for heavy fuel oil. Each output recorded 
is the mean of two successive observations made 
without disturbing the pump setting. 

In the tests made with gas oil, the observations 


Table I 


DELIVERY OF PUMP A AT VARIOUS PRESSURES, USING GAS OIL 
(Gallons per 100,000 revolutions) 




















Inlet Outlet Swash-Plate Pointer Setting (Swash-plate angle) 

Pressure, Pressure, 

Ib./sq in. Ib.'sq in. 

0 1 2 3 4 5 6 7 8 9 
90 130 112-84 100-9 89-67 78-08 65-64 53-97 43-49 31-73 20-87 9-46 
90 130 113-20 101-09 89-46 77-97 66-19 54-14 43-18 31-57 20-70 9.24 
90 130 -- — 89.64 : = = ‘15. 
90 0 113-21 101-37 89.65 77-64 65-94 53-94 43.03 31-56 20-63 9-66 
50 85 113-26 101-10 89-36 77-73 65-96 54-35 42-82 31-82 20.93 9-29 
50 0 113-72 101-75 89-31 78-10 65-72 54-62 42-77 32-17 21-43 9.63 
orang. 1 Sets Of condi-| 113.30 101-30 89.47 77-86 65-76 54-24 43-01 31-80 20-94 9.49 
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130 lb./sq. in. outlet pressure were 
repeated after the pump setting had 
been altered and re-set. Two further 
observations were made after a pre- 
liminary test with heavy fuel oil. (The 
experimental points are plotted in 
Fig. 2 as deviations from an arbitrary 
straight line of output versus swash- 
plate angle.) None of the variations 
had any effect on the delivery of the 





Inlet Outlet 
e 90 130 
x 90 O 
° 50 85 
e) 


T T UJ T 
Pressures, 1b./sq.in | 
4 
| 
| 





pump, all the values being within +- 
1% of the actual flow at all settings, 
except at the lowest (setting 9 corre- 
sponding to 20% of the full flow), 
where the limits are + 2%. No effect 
of inlet or outlet pressure on pump 
delivery can be deduced from the 
figures. The effect of inlet pressure 
on the operation of the servo chamber 





Values of assumed curve, gal/lOSrevs. 


4. 1 4 4 


sje = 








has, of course, been taken care of, as 
already explained, while the ranges of 
pressures used were such that the 


DEVIATIONS FROM ASSUMED STRAIGHT LINE, GAL/IOSREVS 


2 
SWASH-PLATE ANGLE (ARBITRARY SCALE) 


pressure rise across the metering Fig. 2—Pump A. Deviations of gas-oil test results from an arbi- 


portion of the pump was never more 

than the minimum of 20 l|b./sq. in. set 

by the outlet valve. It is a good feature of this pump 
that variations in delivery pressure from zero up to 50 
lb./sq. in. more than the inlet pressure can have no 
effect on the rate of delivery. The range of per- 
missible variation can be increased by increasing the 
pressure rise across the auxiliary gear pump. 

With heavy fuel oil, the effect of inlet and outlet 
pressure, and consistency following re-setting of the 
screw. were investigated at 180° F. (oil viscosity 
120 sec. R. 1), and then the effect of temperature was 
investigated at only one set of pressures. The effect 
of varying inlet pressure on swash-plate angle at a 
given screw setting has not been allowed for in 
Table I], and in Fig. 3 the observations are plotted as 
deviations from an assumed straight line of output 
against servo screw setting. All the points at 
100 lb./sq. in. inlet pressure fall within + 1% of a 
mean curve, despite the effects of varying oil tempera- 
ture on the operation of the servo. The curve for 
50 Ib. /sq. in. inlet pressure and 180° F. oil temperature 


trary straight line 


is displaced from that for 100 lb./sq. in. inlet pressure 
by about 1-4 gal. per 100,000 revolutions, which is 
completely accounted for by the movement of the 
swash plate. Thus, if the inlet pressure can be closely 
stabilized, the pump will act as a fuel oil meter and 
flow controller accurate to + 1% of actual flow at 
half the full flow rate with changes in oil viscosity 
of from 90 to 360 sec. R. 1. 

The maximum delivery of this pump is 203 gal. /hr. 
at 3000 r.p.m. 

Simple tests were made to determine the power 
required to pump both gas oil and heavy fuel oil. 
The power input to the pump motor at full flow and 
approximately 3000 r.p.m. pump speed is as 
follows : 


Viscosity, 
Vil centistokes Volts Amp H.P 
Gas oil er oat 6 220 7-5 2-20 
Heavy fuel oil re 30 220 8 2-35 
75 2208 2-35 
°9 9 99 eee 05 220 10 2.95 
Pump disconnected ... 220 2-5 0-78 


Table II 
DELIVERY OF PUMP A, USING FUEL OIL AT VARIOUS TEMPERATURES AND PRESSURES 


(Gallons per 100,000 revolutions) 

















Servo Screw Setting (turns 
Inlet Outlet Oil Outlet 
Pressure, Pressure, Temp., 
Ib./sq in. Ib.'sq in. °F. 
14 11 8 5 3 
56 100 180 110-65 100.25 79-82 49 .36 21-82 
50 50 180 110-5 100.3 . 
50 100 180 110.35 100.35 79 53 49.44 22-20 
100 100 180 111-6 81.48 51.44 23-36 5-88 
100 100 180 112-3 81.84 51-45 23-75 5-53 
100 100 130 111-1 80-95 50-49 
100 100 164 111-95 81-33 51-10 
100 100 197 112-05 81.24 - 
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go DEVIATIONS FROM ASSUMED STRAIGHT LINE, GALJIOSREVS. 


The power consumed is high, since the gear pump 
circulates much more oil than is metered. The drain 
of oil from the servo chamber and of other unmetered 
oil from the pump is high, and this constitutes a 
major disadvantage. Some improvement has been 
made since the tests on gas oil (when the drain was 
some 50 to 60 gal./hr.), and the drain of fuel oil is 
now about 10 gal./hr. at 140° F. (270 sec. R. 1) and 
18 gal./hr. at 180° F. (120 sec. R. 1). 

The difficulties of stabilizing the inlet pressure to 
improve the operation of the servo and of removing 
the drain oil might be overcome if the pump were fed 
from a sump at atmospheric pressure. If the 
delivery pressure required from the pump is less than 
50 Ib./sq. in., no more power would be required than 
that used by the pump in its present form. 


1O 
SERVO SCREW SETTING 


. 3—Pump A. Deviations of fuel-oil test results from an arbitrary straight line 


Pump B 

Pump B has been tested in the laboratory on both 
gas oil and heavy fuel oil. The results on heavy 
fuel oil are set out in Table III. The connection 
between swash-plate inclination and _ setting-screw 
position is mechanical in this pump, and _ the 
observations were made at a series of these swash- 
plate positions. The sealing gland round the driving 
shaft is not designed to withstand a high pump inlet 
pressure and so most of the observations were made 
with a low inlet pressure. At the end of the series 
of tests the inlet pressure was raised progressively to 
50 |b./sq. in. with no detrimental results. 

Referring again to Table III, each figure quoted is 
the mean of two successive observations made 
without disturbing the pump setting. The first row 


Table III 


DELIVERY AND CONSISTENCY TESTS ON PUMP B, USING HEAVY FUEL OIL 
(Gallons per 100,000 revolutions, pump speed 2000 r.p.m.) 

















Inlet Outlet Oil Swash-Plate Setting (turns of setting screw) 
ry rg Eeyounts. i = 
oe 2 a ia : 13 12 11 10 9 8 7 6 5 4 3 
<2 100 160 360-1 327-2 294-9 261-4 228-1 194-5 161-2 127-3 93-45 59.56 24.92 
2 20 160 360-3 328-4 294-6 261-7 227-8 194-5 160-4 127-0 93.27 52.41 24-36 
2 100 160 = 294.5 228-2 — = 127.4 — - 
2 20 160 - — 295.1 228-1 — — 127.2 — - 
2 100 120 360-0 ~- _- 227-4 - 159-8 ~ a 
2 100 140 360-6 ——~ — 227-8 a= - - 
2 100 160 361-3 - — . . 
2 100 180 361-7 a - — — - 
2 100 200 361-7 - - 228-8 —- 
2 150 160 360-0 — —- — — 
20 100 150 - _- - — 228.1 ~ 
20 100 160 — 228.3 — 
20 100 180 - 229-1 — 
30 100 160 . - 228-3 -= - 
50 100 160 - ao 228-3 — - 
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of figures was obtained in order 4; y ’ 
of decreasing flow and the 

second row in order of. in- 
creasing flow. Thereafter the 
pump setting was completely 
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disturbed and re-set before each 
pair of observations. The effect 
of variation of pump inlet and 
outlet pressure is shown by Fig. 
4, for heavy fuel oil at 160° F., 
where the deviation of each 
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DEVIATIONS FROM ASSUMED STRAIGHT LINE, GAL,/IOPREVS 


observation from an arbitrary ~2F Pressures blsg-in. 

straight line is plotted. At all e <2 100 

rates but the lowest (corres- ie 20 

ponding to about 29 gal./hr.) ~3r . . i 

the points fall within + 0-25% 6 sO ee 

of the mean actual flow. At the ” 1 20 lOO 

lowest rate the limits are + T 

1-0°% of the mean actual flow or 

less than + 0-1% of the maxi- -s/ » 

mum rate. Figure 5 shows the 

effect of oil temperature on the \ F F : :. , ‘ 2 F a 

delivery at two settings. There 360 294 228 162 96 30 
ORDINATES OF ASSUMED STRAIGHT LINE, GAL./IO* REVS 


is an increase of 2-1 gal. per 
10° revolutions per 100° F. at 
each setting. Since the variation 
of delivery with temperature is 
linear, it is probably not due 
to a change in the viscosity of the oil, which will 
not vary linearly with temperature, but to the 
swash-plate actuating screw which, being made of 
steel, responds differently from the aluminium pump 
body to the change of temperature. It is calculated 
that this hypothesis does, in fact, fit the observed 
facts. A judicious choice of materials would there- 
fore remove even this small source of error. Assum- 
ing an oil-temperature variation of -+ 20° F., the 
error due to this temperature effect will be + 0-5% 
at 100 gal./hr. and proportionately less at higher 
rates. 

The results, using gas oil, were similar, except that 
only one temperature was investigated. The rate of 
flow was about 3 gal. per 10° revolutions less at each 
setting than with fuel oil. At least half of this may 
be explained by the temperature effect discussed 
above, and the remainder must be attributed to 
leakage of oil past the pistons, owing to its low 
viscosity. 

The pump has a maximum capacity of 430 gal. /hr. 
at the recommended speed of 2000 r.p.m. 

The power consumed by pump B was measured 
to be 1-45 h.p. when pumping 420 gal./hr. of heavy 
fuel oil at 87° F. and raising the pressure by 
150 lb.jsq. in. This corresponds to an _ overall 
efficiency of 51-5°%. Starting the pump when it is 
full of cold oil presents no difficulty, but if running 
is continued with cold oil the pistons move 
sluggishly and do not remain in contact with the 
swash plate throughout the return stroke, and hence 
metering is impaired. Each piston is struck by the 
swash plate ciuce in each stroke. The impacts may 
cause excessive wear and can be heard as a ‘ knocking.’ 
. In operation, the pump will need only to clear the 
cold oil in it, and in a short length of pipe-line, and 
no difficulty should arise. 


Fig. 4—Pump B. 
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Effect of inlet and outlet pressure on delivery (oil tem- 
perature 160° F.) ; deviations from an assumed straight line of delivery 
versus swash-plate position. 


The pump is fitted with a safety device which stops 
the delivery when the back pressure is increased 
beyond a pre-set amount. Thus, there is no need to 
stop the pump motor nor to re-set the pump at each 
furnace reversal, since closing a valve in the delivery 
line will automatically increase the back pressure. 

The filter originally fitted to the pump proved to be 
too small and was removed. Protection against 
solid particles was then given by a 100-mesh filter in 
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Fig. 5—Pump B. Effect of temperature on delivery 
at two settings 
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Table IV 


TEST RESULTS FOR PUMP C 
(Gallons per 25,000 revolutions, pump outlet pressure 100 Ib./sq. in.) 

















Pump Inlet Oil Temp. Pamp Speed 
Pressure, at Pump, 
jog rs 200 r.p.m. 500 r.p.m. 700 r.p.m. 850 r.p.m. 1050 r.p.m. 
30 140 144-6 144.8 144.4 143-7 142-6 
145.0 pi44-8* 145.1 pi44-95* 144.5 pit-45* 143.7 p143-7* 142-7 142 -65* 
30 180 143-1 145 145.2 145-0 144.5 
143.5 y143-3° 145.1 p145-05* 14.5 p145-35° 145.2 y145-1* 144.7 p144-6* 
80 140 146-4 145.4 144-8 144.2 143-1 
146.7 p146-55* 146.1 p145-75* 144.9 pi44-85* 144.2 pis4-2* 143.2 7143-15" 
80 180 146-3 146-3 145-7 145-6 145-3 es 
146.7 y146-5* 146.4 p146-35° 146.2 p145-95* 146.0 p145-8* 145.3 p145-3* 
Highest mean of two observations, 142-65 ; lowest mean of two observations, 146-55 ; overall mean, 144.92 








* Mean of two observations. 


the test apparatus. The filtration was adequate and 
no seizure occurred during the tests. 


Pump C 

Pump C was tested only on fuel oil at five speeds, 
two oil temperatures, and two inlet pressures, with 
the outlet pressure fixed at 100 lb./sq. in. If the 
pump delivery were completely independent of these 
variables, then the output per revolution (corrected 
for the effect of changes in specific gravity of the oil) 
would be constant. Values of the output per. 25,000 
revolutions are compared in Table IV. The following 
observations can be made : 

(1) The difference between repeated observations 
under the same conditions is 0-5°% at most, and in all 
but two cases is less than 0-3%. The maximum 
difference to be expected, owing to insensitivity of 
the weighing machine, is 0-3%. 

(2) There is a steady decrease of delivery with 
increased speed above 500 r.p.m. 

(3) There is an increase in delivery with increased 
oil temperature which is more pronounced at high 
speeds. An increase of less than 0-1% may be 
attributed to thermal expansion of the material of the 


Metering Accuracy at a Series of Speeds 


Speed, Mean Flow, Limits (percentage of 
r.p.m. gal./hr. actual flow) 
200 69 -73 +0-87 to —1-36 
500 139-70 +0-57 to —0-40 
700 243 -85 +0-55 to —0-48 
850 295-19 +0-76 to —0-69 
1050 362-70 -0-95 to —0-88 


Thus, except at 200 r.p.m., the consistency of the 


pump is within + 1% of actual flow. At 200 r.p.m. 


the consistency is + 0-87% and — 1:36% of the 


actual flow, or less than + 0-3% of the flow at 
1050 r.p.m. (the maximum flow in these tests). The 
pump can be used for metering, provided that the 
driving motor is controlled sufficiently accurately. 
For a metering accuracy of + 2% of actual flow this 
control must be accurate to + 0-6% at low speeds. 

The tests were made at outputs up to 366 gal./hr., 
but the pump speed may be increased to 1450 r.p.m., 
corresponding to 504 gal. /hr. 

The following power consumptions were measured, 
corresponding to ax overall efficiency of about 50% : 


um Inlet Pressure, Oil Temp., H.P. 
‘ (4) ‘There is an increase of delivery with decreasing Fen ee i he 
pressure difference across the pump. Outlet - 100 Ib./sq. gone gal./br. emir r.p.m. 
. ‘ : ) -39 
It seems possible that effects (2) and (3) may be 30 140 0.34 
due to a sluggish action of the valves, remedied to 30 180 0-31 
some extent by the lower oil viscosity at the higher ro 120 0-20 
temperature. The change in volumetric efficiency of i : fn 
the pump with variation in the work done by it is Cite. jeoasiiahie Wh Midian. tc Ben Guana epson, Vee veda. 
to be expected. Leakage between the pistons and 30 140 0.49 
the cylinder walls was collected and found to be 30 180 0-47 
negligible. Hence the variations in delivery can be 80 140 0-34 
80 180 0-25 


due only to the valves. 

All the observations fall within + 1-12% and 
— 1-57% of the mean. However, since the output 
in unit time will be controlled by adjusting the pump 
speed, the consistency of the pump as a meter is 
a function only of variations in pressure and tempera- 
ture at any one speed. The following figures show 
the mean delivery (gallons per hour) at a series of 
speeds, together with the percentage variations due 
to pressure and temperature changes : 
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The pump acts as a meter only so long as there is a 
pressure rise across it. If the pressure on the inlet 
side is greater than the back pressure when the pump 
is stopped, then both valves of each cylinder open 
and there is a free passage for the oil. In installing 
this pump, therefore, a spring-loaded valve must be 
fitted on the outlet side set to ensure that the back 
pressure is always greater than the inlet pressure. 

Leakage is very small and can be neglected. The 
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pump vibrates a little at some speeds, and at 
200 r.p.m. (70 gal./hr.) the outlet pressure fluctuates 
about + 1 lb./sq. in. owing to the pulsating output. 
At higher speeds the pressure and output are steady. 


ROTARY PUMPS 


Before the tests which form the main subject of 
this report were carried out, the possibility of using 
rotary pumps was investigated. The advantages to 
be expected from such pumps included low cost, 
absence of valve troubles, and a non-pulsating flow. 
Information on pump D was obtained from the 
manufacturer’s tests, while tests on another (pump £) 
were made in the presence of a B.I.8.R.A. investi- 
gator at the manufacturer’s works. For metering 
purposes, both pumps would require to be driven at 
variable speeds. 


Description of Pumps 


Pump D—This pump has a driven threaded rotor 
intermeshing with two grooved idlers arranged with 
their axes parallel to the driven rotor and on either 
side of it. The fluid flows in an axial direction under 
the screwing action of the idlers. According to the 
manufacturer, the pump bores are machined to a 
tolerance of within 0-0007 in., and the rotors and 
idlers to within 0-0003 to 0-005 in. 

The price of a suitable pump capable of pumping 
300 gal./hr. at 1000 r.p.m. is about £20. 

Pump E—This pump is an internal spur gear pump. 
The casing of the pump contains an outer rotor with 
8 lobes or spurs and 8 ports, each in the trough 
between two lobes. Meshing with the outer rotor and 
rotating about an eccentric axis, is a solid inner rotor 
with 7 lobes. The centre rotor is driven and causes 
alternate enlargement and contraction of the spaces 
between the lobes of the outer rotor, giving a piston- 
and-cylinder action. Rotation of the outer rotor 
causes the appropriate ports to be uncovered and 
thus a continuous passage of oil is made from the 
inlet to the outlet sides of the pump. Machining 
tolerances, although within 0-0005 in. in many cases, 
are an appreciable proportion of the pump clearances, 
so that consistent operating results could not be 
expected from a series of pumps made to the same 
design. 


Performance of Pumps 

Pump D—Figure 6, taken from the manufacturer’s 
performance curves, shows the variations in delivery 
of pump D with speed, for several different oil 
viscosities, at 75 lb./sq. in. back pressure. It will 
be seen that the delivery varies linearly with the 
speed for all viscosities and the slope of the curve is 
independent of viscosity. Thus the slip is independ- 
ent of rate of flow and is a function of viscosity. 
It is therefore apparent that the slip is due to flow 
through the pump clearances under the influence of 
the pressure difference across the pump. The change 
in output with viscosity is 1% per 6 centistokes at 
400 gal./hr. and 75 lb./sq. in., and proportionately 
more at lower rates of flow. 

Pump E—A series of tests was made at the manu- 
facturer’s works, using clean Shell J2 lubricating oil 
instead of fuel oil. The performance curves derived 
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Fig. 6—Pump D. Performance on oils of various 
viscosities 


from these tests are plotted in Fig. 7. The delivery 
varies linearly with pump speed for each viscosity and 
pressure, and the slope of the lines is independent of 
viscosity and pressure. It appears that the slip is 
due to flow through the pump clearances under the 
influence of the pressure difference across the pump. 


Comments on Rotary Pumps 


The results for the two pumps examined are very 
similar, and in each case the slip is too dependent 
on the viscosity of the oil and the pressure difference 
across the pump for accuracy of metering under a 
range of conditions. 

No example of a simple gear pump was tested in 
the laboratory, but the only advantage which this 
type of pump has over the types examined is that of 
ease of manufacture with standard gear-hobbing 
equipment. Consideration of a paper by Beacham* 
suggests that a gear pump might be made of sufficient 
accuracy, but that since slip varies as the third power 
of the end and diametral clearances and since these 
clearances would have to be of the order 0-0005 in., 
wear due to abrasion by suspended matter in the oil 
might soon cause the slip to become excessive. 

If a rotary pump could be supplied with oil under 
pressure so that the pressure drop across the pump was 
always small, the slip might be reduced to acceptable 
proportions. The power required to drive the pump 
would be small—a not inconsiderable advantage. 

The back pressure on the pump feeding a burner in 











| 

—— |! Back pressure 1OO |b./sq.in, +——_—— ira a 

viscosity 290-320 sec. RI 2 

2 Back pressure IOO Ib./sqin, 
viscosity Blsec. RI 

3 Back pressure 15O Ib./sqin, | 

viscosity 74 sec. RI | 


o 
ce) 
{e) 











> 
Qo 
(e) 


ae 
ee 


400 600 800 


PUMP SPEED, R.PM 
Fig. 7—Pump E. Performance curves 


DELIVERY, GAL/HR 





8 














1000 


JOURNAL OF THE IRON JANDJSTEEL INSTITUTE 





80 STRINGER AND GAY: METERING OF LIQUID FUEL FLOW 


an open-hearth furnace is variable, and when the 
burner is not operating there is no back pressure. 
There will then be a leakage across the pump which 
cannot be used as a shut-off valve by stopping the 
motor. This may be an operational disadvantage. 


DISCUSSION OF METERING PUMPS 


The test results show that, subject to there being 
little deterioration due to wear, a positive-displace- 
ment metering pump is capable of the accuracy 
required. It seems that, in order to achieve this 
accuracy, a pump must have the following features : 

(1) Clearances must be small, as in pumps 4, 
B, and C, and machining tolerances must be 
proportionately close. This is to reduce slip 
through the clearances. 

(2) The pump must have positively driven valves. 
Free valves do not respond similarly at all speeds 
and under all conditions of viscosity, pressure, and 
temperature. 

(3) It should not be possible for oil to pass 
through the pump when stationary. In general, 
this possibility is eliminated when positively driven 
valves are fitted. 

(4) In the case of reciprocating pumps, the speed 
must be sufficient at the lowest flow to ensure that 
there is no perceptible pulsation in the output. 

(5) The pump must not be subject to excessive 
wear affecting the accuracy. It is not yet possible 
to say what features are important in this respect. 

(6) Leakage from the pump through the shaft 
bearings, and elsewhere, should be negligible when 
the pump is subjected to an inlet pressure of 
140 Ib./sq. in. 

It appears from the available evidence that a 
reciprocating pump driven by a swash plate with 
variable inclination could be made to meet the 
requirements, although neither of the pumps of this 
type tested meets all the requirements. Pump B can 
be used in its present form if it is possible to ensure 
that oil is delivered to it at a low pressure. The 
similar heavily made pump, by the same manu- 
facturer, can withstand an inlet pressure of 20 lb./sq. 
in. For future development, pump A holds some 
promise, since it is controlled by a servo which could 
respond ‘to signals from furnace instruments, 
although the difficulties connected with leakage and 
variation in servo response must first be overcome. 
In its present form, pump A has too low an output 
for all but a few open-hearth furnaces. 

A further advantage of variable swash-plate 
pumps is that a constant-speed drive is required 
instead of a variable-speed drive. This will be 
important when electricity-supply frequencies are 
again reliably constant and synchronous motors can 
be used with confidence. 

It is recognized that a metering pump will deliver 
a substantially constant volume of oil in a given time. 
It would be preferable to deliver a constant weight, 
since this is more nearly related to the heating value 
of the fuel. In any one works, ring-main oil tempera- 
tures are likely to be varied by up to + 20° F. to 
obtain a suitable atomizing viscosity, and this implies 
a specific-gravity variation of + 0-75%. It may be 
possible to use the phenomenon, noted on pump B, 
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that the differences in thermal expansion between 
parts of the pump cause a change in swash-plate 
angle and therefore compensate for change in 
temperature at one rate of flow. It would he possible 
to compensate in this way only for changes in ring- 
main temperature and not for differences between 
batches of oil supplied. Alternatively, the servo of 
pump A might be made sensitive to oil density and 
move the swash plate so as to correct for density 
changes. 


PROPOSALS FOR INTENSIVE TRIAL OF 
PUMP B 


While the laboratory tests have established the 
basic accuracy of several pumps, little is known of 
the effects of intensive operation on wear and 
accuracy. Arrangements have therefore been made 
to install a pump in the melting shop of a steelworks. 
The pump chosen for these first tests is the com- 
mercial model of pump B, since this can most easily 
be adapted for the purpose. Later it may be possible 
to test one or more other pumps under similar 
conditions. 

The experimental installation will consist of : 

(1) The commercial model of pump B driven by : 
(2) A 3-h.p., D.C. shunt motor controlled by : 
(3) The electronic speed control described on 

page 71. 

(4) A pressure regulating valve to reduce the inlet 
pressure to 20 Ib./sq. in. 
(5) An oil strainer with 0-005-in. slot. 

The pump will be installed in a by-pass line so 
that, in emergency, recourse can be had to hand 
control by means of a valve. Initially the position 
of the swash plate will not be recorded, but later a 
recorder will be fitted so that the existing orifice 
flowmeter can be dispensed with entirely. It is 
hoped that the tests will continue for about three 
months, after which the pump will be recalibrated 
and stripped for examination. 
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REPORT OF THE NINTH MEETING 


Tae Nintu MEETING OF THE IRON AND STEEL ENGINEERS Group of The Iron and 
Steel Institute was held at 4 Grosvenor Gardens, London, S.W.1, on Wednesday, 
23rd March, 1949, Mr. W. F. Cartwricut (Steel Company of Wales, Ltd.), Chairman 


of the Group, presided. 


AT THE MornING SESSION a paper entitled “ A Review of the Application and 
Design of Heavy Forging Presses,” by Mr. J. S. SANDERSON and Mr. J. G. FRITH, was 
presented and discussed, and the paper “‘ Heavy Forging Manipulators ”’ was presented by 
Mr. A. V. Finn, who illustrated his paper by means of three films. 


AT THE AFTERNOON SESSION Mr. FLINN showed a number of lantern slides illustrating 
his paper and replied to questions, and a paper entitled ““ A Modern Heavy Forging Plant,” 
by Mr. W. H. Atvey, was presented and discussed. 


PROCEEDINGS OF THE MORNING SESSION : 10.30 a.m. to 1.15 p.m. 


Discussion on— 


THE APPLICATION AND DESIGN OF HEAVY FORGING PRESSES* 


Mr. J. G. Frith (Davy and United Engineering Co., 
Ltd.) summarized the paper and introduced a number 
of additional illustrations by means of lantern slides. 
He regretted that Mr. Sanderson, who had done a 
great deal of work on the paper, was unable to be 
present. 


Mr. A. H. Bennett (Messrs. Walter Somers, Ltd.) : 
I have had many discussions with Mr. Sanderson on 
matters concerning forging presses from the point of 
view of the user. The designers often include features 
which to them seem desirable, but forging presses are 
not generally treated lightly, and alterations often 
have to be made. Thus the designers are really at a 
disadvantage if they are not actual users of forging 
presses. On my visits to Germany I was able to discuss 
forging practice in regard to very large forging presses, 
and it is true that the Germans lay great emphasis on 
the upsetting of forgings. If, in this country, the 
specifications were to be revised for the manufacture of 
rotor shafts, and upsetting were insisted upon, we should 
be in a very bad position, because I know of only one 
or two presses in the country which could deal with 
the larger types of forging. 

It appeared that the Germans were using the 15,000- 
ton presses almost exclusively for the upsetting opera- 
tions, the actual forging operations on the rotor shafts 
and the forging-down of the ends being carried out on 
a 5000-ton press. 
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Mr. W. H. Alvey (English Steel Corporation, Ltd.) : 
The authors recommend a press of 12,000 tons capacity 
for ingots up to 250 tons. This may be ideal, but it is 
doubtful whether there would be sufticient heavy forging 
work in this country to justify economically a press of 
this size. Our own 7000-ton press has forged the largest 
jobs demanded and, speaking generally, no work has 
been refused because of insufficient press capacity. 
From an analysis of our forging output for the year 
1948—a record year for total tonnage—only 1% of 
the forgings required ingots of from 180 to 200 tons 
in weight, 3-5% ingots of 150 to 180 tons, 7% 
ingots of 100 to 150 tons, whilst 88-5°% of the forgings 
required ingots of 50 to 100 tons in weight. Therefore, 
according to the authors’ analysis, 88-5% of the work 
can easily be carried out by the 7000-ton press. Prior 
to 1944, only 10 forgings were required from an ingot 
weight of 200 to 250 tons each. Since then there has 
been a general falling off in the size of heavy forgings 
required. 

Assuming that a press of 12,000 tons was justified, 
we should prefer a direct electro-hydraulic pump drive 
using two pumps of the same size and type as the single 
pump which is giving such excellent results on our 
7000-ton press. 





* Journal of The Iron and Steel Institute, 1949, 
vol. 161, Mar., pp. 231-246. 
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From an engineering point of view I am strongly in 
favour of a Duplex cylinder press with its well-guided 
inverted T type of crosshead, but the forge executive 
would probably prefer more flexibility by having a 
three-cylinder press with rams of equal area, for the 
following reasons : 


(a) The press could be used as a single-cylinder 
press of 4000 tons capacity, with one pump only 
in service, which would give a penetration speed 
of 34 in./sec. 

(6) By using the outer cylinders and rams, the 
press could be operated as a Duplex cylinder 
type with a capacity of 8000 tons which, with 
both pumps in operation, would give a penetra- 
tion speed of 34 in./sec., or 1} in./sec. with one 
pump. 

(c) The maximum capacity of 12,000 tons could 
be obtained with all three cylinders and rams in 
operation with both sets of pumps, giving a 
penetration speed of 2°33 in./sec.; for special 
duties where a slower speed is required, a pene- 
tration of 1-16 in./sec. would be possible with 
one pump in operation. 


As it would not be possible to have a press to satisfy 
these conditions with the characteristics of the inverted 
T type of crosshead, would the authors please say 
what type of crosshead guide they recommend. 


Mr. J. G. Frith (Davy and United Engineering Co., 
Ltd.) : I am very pleased to hear that Mr. Alvey sup- 
ports our view that the Duplex press is the best as a 
press, irrespective of the method of drive. If it is 
felt that a three-cylinder press is desirable for flexibility 
—though we still feel that the press should be the decid- 
ing factor—there are two altérnatives for crosshead 
guiding. One is to rely on the crosshead entirely, 
without any form of stalk, and the other is to do as the 
Germans did and incorporate some form of stalk in the 
centre ram. An adequate stalk cannot be fitted in a 
ram below 6000 tons, so that the centre cylinder has 
to be larger. Figure 8 of the paper shows a 12,000-ton 
press having an 8000-ton centre cylinder with a guide 
stalk and two outside cylinders of 2000 tons each ; 
for 4000 tons the two outer cylinders are used, for 
8000 tons the centre cylinder, and for 12,000 tons all 
three are used. The Germans did this, but we feel 
that it has weaknesses. Adequate lubrication of the 
normal central guide stalk by forced grease is important. 
If that stalk is mounted in a cylinder, access to it is 
difficult. The guiding must be on the cylinder walls, 
and this causes wear. It is not such a good solution as 
the Duplex press, with its independent guide stalk. 

The question of which alternative to adopt is involved 
because so many other factors come into the matter 
the proportion of eccentric forging to be expected, and 
so on. 

Mr. Alvey: Then you could not think of three rams 
of equal area ? 

Mr. Frith: Not on a 12,000-ton press with a guide 
stalk, because the guide stalk on the centre ram would 
not be sufficiently strong. With three equal cylinders 
crosshead guiding only would be possible. 

Mr. W. Craig (Davy and United Engineering Co., 
Ltd.): There has not been very much fundamental 
alteration in the design of presses from the time of the 
first patent taken out by Joseph Bramah, a Yorkshire- 
man, in 1795. We do claim, however, that, while the 
fundamentals have not altered materially, we have 
increased the size and speed out of all recognition. 

In looking at Table I, one is immediately struck with 
the longevity of these large machines. The most 
modern press in Great Britain dates from 1934, and this 
is comparatively new compared with the other two, 
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which are dated 1911 and 1913. That indicates that 
the factor of safety must have been of a very high order. 
Besides the obvious strength of the parts and the 
massive proportions of these large presses, I can also 
testify to their resistance to concentrated bombing in 
wartime. In 1945, only a few months after the war 
finished, I saw the big 15,000-ton press of Krupps at 
Essen, and it was almost the only thing which was 
standing erect in that devastated city. It was ready to 
start up again, with a breath of steam. That says a 
great deal for the construction of the presses. I also 
found the original press supplied by Davy Brothers in 
1908, which was actually in action right up to the end 
of hostilities. 

On page 239 the authors state that the maximum 
wear takes place in the front and back direction, due 
to the thrust on the face of the tool as it bites into the 
forging ; although this thrust is not of such magnitude 
as that at right-angles, the fact that it happens at every 
stroke causes the greater wear. One is immediately 
led to examine the methods adopted to renew the 
appropriate wearing faces. It seems that the American 
designers have appreciated this point to the full, and 
on a large press this has apparently led them to adopt a 
square-section stalk with rectangular wearing faces. 
The other example which I find of this detail in the 
paper is the 12,000-ton press built for the Terni company 
in Italy. In this design the columns are made of square 
section, so that the crosshead guide bushes can be 
taken up in either direction for wear. Square columns 
may therefore show a decided advantage over round 
columns, and I note that Mr. Alvey has a similar prefer- 
ence. The square column is about 60% stiffer than 
the corresponding round column having a diameter 
equal to the side of the square, and it also offers greater 
wearing surfaces. 

The American press with the square stalk is a slight 
departure from the conventional design. In the design 
as we know it, the resistance to the eccentric loading 
is taken between the crosshead bushes and the top of 
the stalk, but the Americans have introduced the 
coupled arm inside the entablature itself. This has 
meant an extremely deep entablature. On the 14,000- 
ton press I believe it is some 16 ft. deep for the 23-ft. 
column span. One has only to be acquainted with the 
design of these presses to appreciate what this means. 
On the 12,000-ton press of our own conventional design, 
the main longitudinal girders of the entablature them- 
selves weigh about 120 tons each and are 35 ft. in length. 
This single casting taxes the resources of our biggest 
steel foundry to its utmost limit. The Americans, of 
course, have a bigger capacity for these things, but the 
question still remains as to the economic advantage 
gained by this American design. 

Although the modern trend seems to be to scrap the 
old steam-generating units, the steam-intensifier drive 
has many valuable points. The complete absence of 
any hydraulic valve in the hydraulic line ensures sim- 
plicity and smooth action, and the fast working of these 
presses, particularly on finishing strokes, commends 
them in many cases. It is interesting to note in the 
paper that some of the more modern large presses have 
been made with steam-intensifier drives. The steam 
intensifier, however, is a most uneconomic unit. There 
is no cut-off ; it takes steam at full pressure throughout 
the stroke and, taking the all-round heat efficiency 
from the coal to the work done at the press tools and 
exhausting the steam to atmosphere, I do not think 
that the efficiency would exceed about 2%. This is 
in some way very quickly levelled out, however, by 
the very much increased speed of working of these 
steam presses. 
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The day may not be far distant when our forges will 
have to produce forgings which bear more than a faint 
resemblance to the actual form required ; then we may 
have to turn our affections to the fast-working steam 
presses. In any case it will be necessary to look carefully 
into the question of forging costs and forging quality. 

Mr. J. G. Frith: It is perfectly true that the steam- 
intensifier drive is the more flexible, but conditions are 
leading people away from it. There is a general ten- 
dency towards electrification everywhere ; fuel costs 
are mounting, and the overall efficiency of the steam 
intensifier is low. We find not only in large presses but 
also in small ones, that the tendency is to use electric 
drives. 

The American presses were designed for a specific 
and onerous duty—armour-plate bending with eccentric 
loads up to 6 ft. out-of-centre. The Americans have 
facilities for larger castings than we have; I think the 
main members ran to 160 tons finished, and would be a 
good deal more as-cast. Actually the 16-ft. depth 
referred to was dictated by transport conditions, 
otherwise it might have been increased. 

Mr. Ronald Benson (Darlington Forge, Ltd.): Mr. 
Frith claimed that high speed is important in getting 
a good finish on forgings. That implies that he visualizes 
finishing round forgings in flat tools. The actual tools 
which go into these forging presses have not been 
mentioned, but they are important ; they are the final 
things which do the job. Forgings can be made, (a) in 
flat tools, (b) in what are known as swage tools (curved 
bottom and top tools), or (c) in Y-tools, with a flat 
top and Y bottom. To produce a round forging—and 
this represents considerably more than half our output— 
with the flat tools a square is made, then an octagon, and 
then some of the corners are taken off, but it is not 
round in the end; it is only multi-sided, and very 
rapid forging and rapid travel are required, because 
the motion of the crane in taking off those small corners 
is the longitudinal travel. 

A much better way to produce a round forging is 
to use a Y-tool in the bottom and a flat tool in the top 
and to rotate the forging. Numerous flats are still made 
all round the forging, but, as there is a Y in the bottom, 
the forging lies in that V and can be turned as rapidly as 
the turning gear will allow; Y-tools have a very large 
range of size. The swage tools—the double curved 
tools—produce roughly a round forging in two runs 
along the job and a slight corner between, which is taken 
off in two more runs ; they are the tools which should 
be used for round work. They have, however, a very 
important limitation in that they will reduce a piece 
of steel to only about half its original diameter. 

Quick tool changing is just as important and valuable 
as quick forging operations, and I should like to ask the 
present authors and other press designers and engineers 
what they are doing about this aspect. 

Swage tools also require about 50% more power, 
which is a good argument for increasing the power of 
presses. I think that metallurgists will agree that for 
that same reason they transmit the pressure much more 
to the centre of the forging. It is possible to go on 
with light squeezes and flat tools until the centre of the 
forging bursts. 

Eccentric forging has been spoken of as if it were a 
crime. At Darlington we make marine forgings in 
fairly large quantities, and they are essentially one-sided 
forgings, such as rudders, rudder frames, brackets, and 
crankshafts. To produce a one-sided forging, with a 
wing projecting on one side, an eccentric force is required 
on the press. A wide tool may be used in the bottom 
and a narrow one in the top, or the bottom tool can be 
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slid to one side to reduce the area pressed on by the 
top tool, and the presses must be able to withstand 
that, or they cannot do the job. 

The point of view of the practical forgeman in regard 
to press columns is that the column must be as narrow 
as possible, because he has to see his job. 

Entablatures also must be narrow in the longitudinal 
direction of the travel of the crane. The crane must 
come as near the forging tool as it possibly can, especially 
if ingots are to be upset, reduced by one-third of their 
length, and then forged out again. That is quite a 
difficult forging proposition, because the sizes that are 
visualized now cannot be handled by manipulators. 
After upsetting they cannot be handled by Porter bars 
and they have to be handled by the burden chain of 
the turning gear on one end of the ingot, and the other 
end of the ingot must rest on the tools. It is very 
necessary, therefore, to keep the entablature as narrow 
as possible in the longitudinal direction, but the entab- 
lature can be made to any width the other way, that is, 
towards the press driver. That makes the girders, 
whose length Mr. Frith says causes trouble, longer still. 
It occurs to me that it would be possible to have the 
three-cylinder press with two guide stalks. I should 
like Mr. Frith to think about that ; there might be two 
guide stalks between the cylinders, giving the advantages 
of a press with guide stalks as well as those of a press 
with three cylinders and still keeping the press narrow. 

Speaking of eccentric loading again, the forging bite 
is always at one side of the tools, because the forgeman 
draws the forging back in the direction of the crane to 
get the straightening action of the crane, and a forgeman 
will always work with a crane on his right-hand side 
unless somebody stops him. However, we have one 
press which we worked 50% one side and 50% the 
other, so that we distributed the wear due to the forging 
bite between the two sides of the press. 

I think that I have replied to Mr. Craig’s criticism of 
the quality of forgings to some extent. The better 
we can change tools and the nearer we can get to the 
press, the better we shall try to make our forgings. 

Mr. Frith: There is much food for thought in Mr. 
Benson’s remarks, although I do not think that I said 
that it was absolutely essential to get a high speed for 
high-quality forging. We were talking about speed as 
compared with the different types of drive. Good 
forgings can be made without very high speed, and, 
particularly on the larger presses, the use of these very 
high speeds and very short strokes is not as important 
as it is sometimes considered to be. 

A large press should be fitted with a tool-changing 
gear to enable the complete assembly to be taken out 
and another put in. Mr. Benson is probably referring 
to some rapid detachable method, some quick-action 
bolt, as it were, holding the tool to the crosshead. 

Mr. Benson: Yes. 

Mr. Frith: There is certainly something to be said 
for that, and we ought to think about it. We quite 
agree that entablatures should be as narrow as possible, 
and that the centre guide stalk press does help towards 
this. The idea of the double guide stalk with three 
cylinders is attractive in a way, but the entablature, 
after all, is a beam supported on columns, and increased 
length calls for greater depth and stiffness. A press 
having three cylinders, two guide stalks, and the columns, 
would require a very long entablature, which would have 
to be very deep to get the requisite stiffness, and would 
greatly increase the cost. 

Mr. Benson: I visualize what the Germans proposed 
with this new press, namely, that the two outside 
cylinders would be between the columns and therefore 
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would not increase the length very much. The columns 
would be widely spaced in the narrow way of the press, 
but the entablature should come very much in between 
to allow access by the turning gear. 


Mr. Frith : The German press had very wide centres, 
about 23 ft. by 10 ft. 6 in., because the outer cylinders 
were on the column centres to reduce the bending on 
the entablature. Possibly it could be worked in, and 
it will be interesting to look into this point. 

Nothing is said in the paper about turning gears 
owing to considerations of space. They are however 
very important, and we must agree that speeds in the 
past have not been as high as they should be, particu- 
larly when using the Y-tools, as described by Mr. Benson. 


Mr. Henry Baker (Messrs. John Baker and Bessemer, 
Ltd.) : When the author works out the stresses in the 
columns on a four-column press, does he assume that 
the four columns bear the stress equally, or does he 
assume that sometimes conditions may arise, through 
a loose column nut or for some other reason, where the 
whole load will be on two columns ? 

Last year I saw ten presses of over 10,000 tons in the 
U.S.A., and it is noticeable that there the columns are 
stressed a good deal higher than are ours, probably 
with the idea of keeping the capital expenditure down. 
Whereas in this country w2 treat a column fracture as a 
major calamity, in America they take it very much as 
a matter of course. In one steelworks at Chicago, I 
saw a 10,000-ton press which had given a good deal 
of trouble with column breakages, and changing the 
columns was brought to such a fine art that I was told 
that on the last occasion when a column broke it was 
on a@ Wednesday, and the press was working again the 
following Monday. That was without any overhead 
gear ; they did it by means of a very large loco-crane. 

Mr. Frith: There is a fundamental difference in 
outlook between us and the Americans as regards 
column strengths. We design our presses very gener- 
ously, and it is possible for three columns to take the 
load. As Mr. Baker said, we treat a column breakage 
as a major disaster, whereas the Americans in some of 
their presses provide facilities for rapid column changing 
because the possibility of breakage is recognized and 
accepted. Possibly we have erred in the other direction, 
but we design these heavy equipments for abuse rather 
than use, and I think that is a sound policy in the long 
run. 

The actual bending stresses in the column, particularly 
with the Duplex press, are rather complex. If the load 
is dead central there is little difficulty, but eccentric 
forging causes a complicated series of bending stresses 
in the columns, which tend to bow in the middle. This 
has to be allowed for when the design is prepared. 


Dr. Wm. §. Walker (Messrs. Thos. Firth and John 
Brown, Ltd.) : In our Sheffield Works, we have had con- 
siderable experience of upsetting. We are often faced 
with the question as to what size of ingot can be forged or 
upset under a specific press. In the course of attempting 
to calculate the maximum pressure necessary to produce 
the required deformation, we have to assume a resistance 
to deformation of the quality of steel under consideration. 

Referring to the data given on page 234 of the paper,. 
it would appear that the authors work with a resistance 
to deformation of between 2} and 5 tons/sq. in. This is 
considerably higher than that usually employed ; 
Krupps worked with a figure of 1 to 2 tons/sq. in. 

We should like to have the authors’ views on what 
are the optimum values of resistance to deformation 
which we should take in considering the foregoing 
problems. 
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A forging press is an expensive unit to operate, so 
that in many cases machining is cheaper than forging ; 
hence, apart from possible metallurgical considerations, it 
may not be desirable to finish-forge to close toler- 
ances. 


Mr. Frith : The figures given on page 234 are intended 
to represent good average practice in both forging and 
upsetting, and the range of dimensions in upsetting 
covers reductions in length from two-thirds to one-third. 

Thus, in the case of a 3000-ton press, if the ingot is 
to be upset to one-third of the original length we suggest 
an initial diameter of 30 in., giving a terminal pressure 
of approximately 1-4 tons/sq. in., but if the upsetting 
is required to give only two-thirds of the original length 
a 43-in. dia. ingot can be upset with the same final 
loading. 

This is by no means the limit, and larger ingots can 
be used with final pressures as low as } ton/sq. in., but 
the speed of working will then be very greatly reduced, 
and in general I would say that a range of from 1 to 2 
tons/sq. in. will cover all normal conditions of tempera- 
ture and composition. 


Mr. E. D. Bool (Messrs. Thos. Firth and John Brown, 
Ltd.): I cannot understand why four columns and not 
three are always used for large presses. It is a practical 
impossibility to have the four columns equally loaded, 
as most of the stress will be resisted by two columns only, 
whereas with three columns equidistant from the press 
centre the load would be equally shared, and maximum 
stability would be attained. 

The authors make a point about the use of short 
bolts, involving flanges, to assemble the entablature. 
Bending of the entablature does occur in service, and I 
should prefer to use long through bolts reduced between 
fitting points to the bottom of the thread diameter ; 
such bolts could be pre-stressed by heating. 

Mr. Frith: Mr. Bool’s suggestion is interesting, and, 
as I have no doubt he is aware, three-column presses of 
medium sizes have been built for special duties. In the 
case of large forging presses, however, it seems to me 
that the use of three columns equidistant from the press 
centre, that is, at the three angles of an equilateral 
triangle, would have the disadvantage of preventing 
straight-through working, whereas four columns lend 
themselves to access from both front and back of the 
press. 

We have found that short through bolts in the entab- 
lature and base remain tight through years of service. 
They are, of course, also pre-stressed by heating. 


Mr. K. F. Shrubb (British Iron and Steel Research 
Association) : Some work I have done recently on con- 
trol systems in mill practice has brought out a point 
relevant to forging control systems, concerning the 
relationship between controlling handle and controlled 
member. The steam-intensifier driven press has dis- 
placement-—displacement control, commonly called posi- 
tion control, between the handing lever and the press 
head, that is to say, a given displacement of the handing 
lever causes a corresponding displacement of the press 
head. The direct hydraulic driven press, however, has 
displacement—velocity control between the handing lever 
and the press head, just as there is between the master 
controller and driving motor on a crane. 

This difference exists because, although the steam- 
intensifier, acting as a single-stroke pump, does the 
same duty as the electrically driven pump in the direct 
hydraulic drive, the handing lever controlling it adjusts 
pump delivery in gallons, whereas that for the direct 
hydraulic system controls the rate of pump delivery 
in gallons per second. 
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Is it this position-control feature of the steani- 
intensifier driven press which makes it slightly faster 
working than the direct hydraulic press ? 

As far as I have been able to see, the driver of a 
steam-intensifier press does not, however, use the 
position-control feature directly to obtain the ingot 
dimension he requires, but relies on direct observation 
of the press-head position scale. To use the feature he 
would have to give attention to the position of the 
handing lever in its guide and if he does not do this 
because he must keep his eyes towards the press, he 
could be provided with the necessary information by 
repeating the position of the handing lever alongside 
the press-head scale with a simple rope and tally. 

It seems to me important to know fully why the driver 
does not use this valuable position-control feature. 
The possible need for better finish in forging, and the 
finishing of forgings with many rapid short strokes, 
would both be assisted by position control. 


Mr. Frith: The position control between the handing 
gear and the press head, which is obtained on the 
steam-hydraulic intensifier press by means of the 
hunting gear, is a valuable feature which does help to 
increase the speed of working, but apart from this 
the drive on this type of press is definitely more flexible. 

In the use of the position control to obtain the 
required ingot dimensions it is undesirable to distract 
the press driver’s attention from the forging, and a 
vertical scale is often fitted alongside one column, 
with a pointer attached to the moving crosshead, 
which gives the position of the latter directly. This 
seems to be simpler and easier than an indicator which 
would show him the position of the handing lever. 

Why the press driver does not use the position-control 
feature directly is a difficult question, and possibly 
one of the forgemasters present today will be better 
able to answer it than I am. It does however seem 
to me that much depends upon the way the press 
driver has become accustomed to operate the press, 
as once any particular method has been adopted it is 
not easy to have it altered. I certainly cannot see 
that it is more difficult, or takes more time, to operate 
the control gear in the way for which it was designed 
than in that described by Mr. Shrubb. 


Mr. Ronald Benson (Darlington Forge, Ltd.): The 
question of the relative control of the intensifier press 
and the pump-driven press is an interesting one. As 
Mr. Frith says, the intensifier press has a more flexible 
control. When the press driver goes on to a pump- 
driven press from an intensifier press, he feels like a 
man who is driving a motor car flat out and who has 
to de-clutch and jam on the brakes when he wants 
to stop, having no means of slowing it down. You 
can actually slow down the pump-driven press by 
operating the slipping valve and allowing the pressure 
to leak, but to get the ‘ feel’ of that leakage is difficult 
at first. 

Press drivers never understand the hunting gear ; 
although it is explained that if, when cutting off, they 
put the lever forward two or three inches they will get 
only a 2-in. stroke and the press will cut itself off, 
they will always put the lever fully forward and snatch 
it back again suddenly. 

On the question of accurate control of size, it is most 
important to give the press driver a very clear indicator 
dial—of the type which is put on a rolling mill—and 
to put it on the column where he can see it without taking 
his eyes off the press. It should magnify at least 4/1 
the movement of the crosshead. Normally the scale 
and pointer used are much too small; with large presses 
(say, of over 4000 tons) the driver is some distance 
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away, and it strains his eyes to work to quarter-inches. 
If, however, he has a magnification of the movement of 
4/1 or 5/1 he can work to that nicely, and he brings the 
press down to that and stops, even at high speeds. The 
dial should have a surface on which chalk marks can 
be made. The forgeman chalks on the dial beforehand 
the various sizes he wants for his forging, so that there 
has to be no great effort of memory on the part of the 
press driver ; if he makes a shaft of two sizes, he puts 
chalk marks, for example, B and S, on the dial, and 
the press driver does not have to remember the actual 
sizes in inches. That is a small point but one which 
has quite an effect on the speed of operation. 

Mr. B. Gray (English Steel Corporation, Ltd.) : 
Do the authors think that there is any future for the 
intensifier designed by Dr. Asbeck, which was driven 
electrically, using a thread on the end of the ram and 
a@ worm-wheel with a reversing motor ? It seemed to 
me a most interesting proposition. 

Mr. Frith : I have seen a description of it, and believe 
that it is virtually a single-stroke pump, with just one 
ram. 

Mr. Gray: It has one reciprocating ram. I came 
across this intensifier in France. The owners reported 
that it worked well on a 6000-ton press. 

Mr. Frith: It is certainly an interesting design, and 
should give a very smooth action. From the description 
which I have seen it has a D.C. motor taking its power 
from an Ilgner set installed for driving an armour-plate 
mill; and it should undoubtedly have advantages in 
that it gives a similar action to the steam-hydraulic 
intensifier. 

One would, however, expect it to be less economical 
than the normal pumping equipment owing to the 
employment of a screw, which must give a somewhat 
lower efficiency. 


CORRESPONDENCE 
Mr. E. F. Wooldridge (The United Steel Companies, 


Ltd.) : The essential characteristics of a forging press 
are power, speed, and economical operation. In the 
case of pump-driven presses, power and speed are, to a 
large extent, in conflict one with the other unless pumps 
are installed which are capable of providing maximum 
power at maximum speed. It is, of course, essential 
to meet this condition for the direct hydraulic system 
in which the rate of operation of the press is determined 
by controlling the output of the pumps. This system, 
which is commonly used for small presses, is inherently 
the most economical in power consumption and provides 
one of the more desirable characteristics of the steam- 
intensifier system, viz., that speed control is obtained 
without ‘throttling’ of the hydraulic circuit, but 
owing to the high capital and maintenance costs for 
the number of pumps involved it can hardly be 
regarded as a feasible proposition for heavy forging 
presses. The alternative of providing a single pump 
with Ilgner control to meet the maximum conditions 
of power and speed would no doubt be expensive, 
and any other direct pumping system is likely to 
result in uneconomic operation as these conditions 
are only infrequently encountered. This is particularly 
the case where the press has to cater for upsetting 
operations. 

It is difficult to appreciate that the direct pumping 
system (without Ilgner control), such as is employed 
on the 7000-ton press at Sheffield, can be more econo- 
mical than the air-hydraulic accumulator system. In 
fact, there seems to be a fair analogy between the two 
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systems in that peak demands for power are met in 
the one case by the flywheel and in the other by the 
accumulator. The practice of obtaining speed control 
by means of a by-pass to the pre-filler must, to some 
extent, be wasteful, and the air-hydraulic system does 
at least allow of the pumps being stopped when the 
press is not under load, although, as stated in the paper, 
this is not generally considered desirable. The fluid 
withdrawn from the accumulator will, of course, be 
within the limits of pressure prescribed for operation 
of the accumulator (usually + 10%) and where this is 


in excess of that required to overcome the resistance of 


the forging, an increase in the speed of penetration will 
result. 

An advantage of the air-hydraulic system is that it 
readily permits of the incorporation of an intensifier, 
and this may provide the best compromise where 
increased power is occasionally required for upsetting 
operations. As an example, a Duplex press operating 
on direct pump pressure at, say, 6000 tons and with an 
intensifier at up to 12,000 tons, would seem to cater for 
the normal forging of ingots up to 250 tons and for 
upsetting of ingots up to 150 tons. For the occasional 
forging of ingots over 120 tons and upsetting of ingots 
over 60 tons the reduced speed of operation due to the 
use of the intensifier might well be tolerated. Such a 
system would involve a large intensifier, but as an 
alternative direct pump pressure might be employed 
for the initial stages of the stroke, thus reserving the 
intensifier for final penetration. It would be interesting 
to have the authors’ views on this suggestion, which 
would appear to be more economical in regard both to 
capital and to operating costs than providing a direct 
pump drive to meet these conditions, particularly as 
the press would normally be working at less than 
maximum capacity. 

It is perhaps not without significance that the three 
modern American presses which are driven by centrifugal 
pumps all operate on the air-hydraulic accumulator 
system. By interposing air-loaded accumulators between 
pressure stages the pumps could be stopped during 
idling periods, in which case the advantages of this 
type of pump (enumerated in the paper) would be 
realized without sacrificing efficiency to the extent 
stated when operating at reduced power. In this case, 
of course, advantage would not be taken of the stalling 
characteristics of the centrifugal pump, and control 
gear would be necessary for unloading the pump when 
the accumulator was full. Such a system would, how- 
ever, eliminate much of the heat which would otherwise 
be generated and which would have to be dissipated 
by the cooling system. 


AUTHORS’ REPLY TO CORRESPONDENCE 


Mr. J. G. Frith: It is essential in any pure hydraulic 
system that the pumping equipment should be capable 
of meeting the maximum demands of the press, and 


the problem is, therefore, to devise some method of 


economizing in power consumption when the peak 
conditions are not required. 

The reduced demands may affect either the speed or 
the power of the press, but in the case of the larger 
forging presses it is usually the latter, as, apart from long 


upsetting strokes, the speed variation required is simply 
that due to a small number of cogging strokes per 
minute as against a larger number of finishing strokes, 
and the actual volume of pressure water delivered is 
roughly the same in each case. 

Economy is thus best obtained by equating the 
delivered pressure of the fluid to the actual requirements 
of the work and this is to a large measure achieved 
by the direct pump drive, where the pressure generated 
is due to the actual resistance of the forging. 

The air-hydraulic accumulator, on the other hand, 
operates between pre-determined pressure limits, which 
depend upon the ratio between the total volume of air 
and the volume of expendable water, and which may 
be + 10%, but are often + 5%. Any given cylinder 
must thus exert the maximum power throughout the 


pressure stroke, and although an increased speed of 


penetration is obtained when the power is in excess 
of that required to overcome the resistance of the 
forging, this does not affect the total volume of pressure 
water required. 

Other methods of obtaining economy must, therefore, 
be sought, and one which is often adopted is the three- 
cylinder press design, giving one-third, two-thirds, or 
full power, according to the number of cylinders in 
service. 

The use of a hydraulic intensifier in conjunction 
with an air-hydraulic accumulator system does offer 
advantages in that the press can work at a reduced 
power from the accumulator system direct, and the 
pressure can be intensified when required to deal with 
occasional peak demands, where, as Mr. Wooldridge 
says, the reduced speed of operation can well be 
tolerated. 

A reference to this scheme is made in the paper, 
and a further advantage is that the higher pressure 
obtained from the intensifier enables the cylinder 
diameter to be kept as small as possible, thus reducing 
the width of the entablature. A press operating 
directly on the air-hydraulic accumulator system alone 
cannot have a working pressure much in excess of 
2 tons/sq. in., owing to limitations imposed by the 
accumulator itself, and for any given power this entails 
larger cylinders than in the case of the direct pump 
drive, where pressures of 3 tons/sq. in. or more can be 
used. 

Each installation must be judged individually in the 
light of the particular duties required, and there is no 
doubt that the scheme referred to does offer an attractive 
solution in certain cases. It must be emphasized 
that the method of driving the press, whether with 
direct pump or with air-hydraulic accumulator is, or 
should be, subordinate to the design of the press itself, 
which should be that most capable of withstanding 
the severe stresses and usage associated with heavy 
forging. 

Such a construction is the press with the central 
guide stalk, which has proved itself over years of 
experience, and if reasons favouring the air-hydraulic 
accumulator system prevail, then the employment of 
such a press with two main cylinders is possible by using 
a hydraulic intensifier to obtain maximum power when 
required for upsetting and similar duties. The press 
will then be operated as a two-power unit. 





The discussion on the paper ** A Modern Heavy Forging Plant,” by Mr. 


W. H. Atvey, will be published in the October, 1949, issue of the Journal. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 





THE IRON AND STEEL INSTITUTE 


Discussion on the Corrosion of Steel 


A Joint Meeting of The Iron and Steel Institute and 
the British Iron and Steel Research Association, to 
discuss papers on the corrosion and corrosion-fatigue of 
steel, will be held at the offices of the Institute, 
4 Grosvenor Gardens, London, 8.W.1, on Tuesday, 
18th October, 1949, commencing at 10.30 a.m. Mr. T. M. 
Herbert, Chairman of the Corrosion Committee of the 
Research Association, will preside. 

A Buffet Luncheon will be served in the Library of 
the Institute between the morning and afternoon 
sessions. 

The detailed programme is as follows : 

Morning Session, 10.30 a.m. to 1.0 p.m. 

10.30 to 11.15 a.m.—Discussion on : 

“A Simple Form of Accelerated Atmospheric- 
Corrosion Test,” by R. St. J. Preston. (November, 
1948). 

11.15 a.m. to 1.0 p.m.—Joint Discussion on : 

‘A Study of the Corrosion Resistance of High-Alloy 
Steels to an Industrial Atmosphere,” by H. T. 
Shirley and J. E. Truman. (December, 1948). 

‘*The Atmospheric Corrosion of Iron and Steel 
Wires,” by J. C. Hudson. (November, 1948). 

‘* Climatic Effects on the Corrosion of Steel,” by 
J. Dearden. (July, 1948). 


Buffet Luncheon, 1.0 to 2.0 p.m. 
In the Library of the Institute. 


Afternoon Session, 2.0 to 4.30 p.m. 
2.0 to 3.0 p.m.—Joint discussion on : 

‘The Effect of Shot-Peening Upon the Corrosion- 
Fatigue of a High-Carbon Steel,” by A. J. Gould 
and U. R. Evans. (October, 1948). 

** Corrosion Fatigue of Steel under Asymmetric Stress 
in Sea Water,” by A. J. Gould. (January, 1949). 

3.0 to 3.45 p.m.—Discussion on : 

** High-Speed Rotor Tests of Paints for Under-Water 
Service,” by F. Wormwell, T. J. Nurse, and 
H. C. K. Ison. (November, 1948). 

3.45 to 4.30 p.m.—Discussion on : 

** Hlectrochemical Studies of Protective Coatings on 
Metals.’’ Part I—*‘ Electrode Potential Measure- 
ments on Painied Steel,’ by F. Wormwell and 
D. M. Brasher. (June, 1949). 

(The issue of the Journal in which each paper is 
published is given in brackets.) 
Non-Members 

Non-Members of the Institute are invited to come to 
the Meeting and to join in the Discussion. Prior intima- 
tion of intention to speak on the papers will be appre- 
ciated. 
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Buffet Luncheon and Reprints of Papers 

Tickets for the buffet luncheon, price 5s. each, and 
separate reprints of the papers, price 2s. 6d. each ; or a 
complete set of the eight papers and a buffet luncheon 
ticket, price £1 2s. 6d., may be obtained from the 
Secretary of the Institute by application, accompanied 
with remittance, not later than the 15th October, 1949. 
(Envelopes should be marked ** Corrosion Meeting.’’) 


Fourth Hatfield Memorial Lecture 


At the invitation of the Council of the University of 
Sheffield, Sir Andrew McCance, LL.D., D.Se., F.R.S., 
President of The Iron and Steel Institute, and Deputy 
Chairman and Joint Managing Director of Messrs. 
Colvilles, Ltd., has agreed to deliver the Fourth Hatfield 
Memorial Lecture. 

The subject of the Lecture will be ‘‘ The Plastic 
Behaviour of Solids’ and it will be given at 6.30 P.M. 
on Friday, 28th October, 1949, in the Firth Hall of 
Sheffield University. 

The Council of the University extends a cordial 
invitation to all members of The Iron and Steel Institute 
to attend the Lecture. Admission will be by ticket 
only, and applications should be made to the Secretary, 
at 4 Grosvenor Gardens, London, 8.W.1, without delay. 


The Hatfield Memorial Lectures 

Under a Deed dated 22nd August, 1944, the University 
of Sheffield agreed to be the Trustees of the fund which 
had been subscribed “for the purpose of establishing 
a lecture on the subject of Metallurgy, or some other 
subject connected therewith, as a Memorial to the late 
Doctor William Herbert Hatfield, Fellow of the Royal 
Society, and as a mark of appreciation of his distinguished 
work in connection with research into the qualities and 
uses of metals and allied branches of science,” the 
lectures are to be known as the * Hatfield Memorial 
Lectures.” 

The lecturer is appointed by Sheffield University on 
the recommendation of a Lecture Committee, consisting 
of representatives of the University, the Royal Society, 
and The Iron and Steel Institute. At the discretion of 
the University the lectures may be published by The 
Iron and Steel Institute or by other publishers. 

The First Hatfield Memorial Lecture (Journal of Th 
Iron and Steel Institute, 1946, No. I, p. 369P) was given 
by Dr. George b. Waterhouse, on “The Services to 
Metallurgy of the Late Dr. W. H. Hatfield, F.R.S.” 
Dr. C. Sykes, F.R.S., presented the Second Lecture 
(Journal of The Iron and Steel Institute, 1947, vol. 156, 
July, p. 321) on “ Steels for Use at Elevated 'Tempera- 
tures.”’ The Third Lecture (Journal of The Iron and 
Steel Institute, 1948, vol. 159, June, p. 113) was given 
by Dr. R. F. Mehl, on ** The Decomposition of Austenite 
by Nucleation and Growth Processes.” 
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Autumn General Meeting, 1949 


The Autumn Meeting is to be held in London on 
Thursday and Friday, 10th and 11th November, 1949. 
Further details will be given in future issues of the 
Journal. 


Annual General Meeting, 1950 


The Council have announced that the Annual General 
Meeting of The Iron and Steel Institute will be held in 
London on Wednesday and Thursday, 26th and 27th 
April, 1950. 


Sidney Gilchrist Thomas Centenary 


Mr. JAMES MiTCHELL, C.B.E., has accepted an invita- 
tion from the Council of The Iron and Steel Institute, 
to give a Special Commemorative Lecture to mark the 
centenary of the birth, on 16th April, 1850, of Sidney 
Gilchrist Thomas. 

The Lecture will be delivered in London on the evening 
of Wednesday, 26th April, 1950, the first day of the 
Annual General Meeting of the Institute. Further 
particulars will be announced later. 

Mr. Mitchell, who is a Director of Messrs. Stewarts 
and Lloyds, Ltd., was elected to the Council in 1944, 
becoming a Vice-President in 1946. He was appointed 
Honorary Treasurer of the Institute in 1948. 


NEWS OF MEMBERS 


> Mr. J. R. Bootu has left The Cargo Fleet Iron Co., Ltd., 
Middlesbrough, Yorks., to take up an appointment as 
assistant maintenance engineer with Messrs. Murex, Ltd., 
of Rainham, Essex. : 

> Mr. D. C. Brown has been awarded the degree of 
B.Sc. in Metallurgy of the University of Durham. He 
is leaving the employment of Messrs. Fraser and Chalmers 
Engineering Works (G.E.C.), Erith, to join the scientific 
staff of the G.E.C. Research Laboratories, Wembley. 

> Mr. H.S. Counc has been awarded the degree of Ph.D. 
of Leeds University, and is returning to Hong Kong, 
China. 

> Mr. A. T. CHURCHMAN has been awarded the degree 
of Ph.D. of Birmingham University. 

> Dr. Maurice Cook has accepted an invitation to 
become a member of the Inter-Service Metallurgical 
Research Council. 

> Sir Joun McLean Duncanson, Hon. Vice-President, 
has been made a member of the National Research 
Development Corporation. 

> Dr. R. GENDERS, Consultant Metallurgist, has, as from 
6th July, 1949, changed the address of his London office 
to 20, Buckingham Gate, London, S.W.1. 

> Mr. J. G. Hotmss has left Messrs. Sanderson Bros. 
and Newbould, Ltd., and his address now is 8 Eaton 
Road, Dentons Green, St. Helens, Lancs. 

> Dr. W. Humr-RoruHery, F.R.S., has been awarded 
the Francis J. Clamer Medal by the Franklin Institute 
of the State of Pennsylvania, “in recognition of his 
brilliant work in scientifically determining and interpret- 
ing the structure and behaviour of metallic equilibrium 
systems.’’ The medal will be presented to Dr. Hume- 
Rothery on 19th October, 1949, by Richard T. Nalle, 
President of the Franklin Institute. 

> Mr. W. J. Jones has joined Messrs. Teddington 
Controls, Ltd., Merthyr Tydfil, as a metallurgist. 

> Monsieur F. Paut List has received the Cross of 
Commander of the Luxembourg Order of the Oak Leaf 
Crown. 
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> Dr. H. K. Lioyp has resigned his post as a member 
of the Metallurgical Research staff, Sheffield University, 
to take up the newly created appointment of Lecturer 
in Metallurgy at Nottingham University. 

> Mr. G. V. LUERSSEN has been presented the first 
annual David Ford McFarland Award by the Penn State 
Chapter of the American Society for Metals. 

> Mr. H. G. Mastin has left the Rhodesia Civil Service 
to join the Roan Antelope Copper Mines, Ltd. 

> Mr. Nits Paves has taken up the position of Assistant 
Manager of the Bessemer converter and electric furnace 
shops of Domnarfvets Jernverk, at Domnarvet, Sweden, 
as from Ist January, 1949. 

> Mr. P. L. Pocock has been appointed welding engineer 
at the Redheugh Iron and Steel Co. (1936), Ltd., of 
Gateshead, Co. Durham. 

> Dr. W. I. Pumpurey of the Metallurgy Department 
at Birmingham University has been awarded a Common- 
wealth Fund Fellowship for study and travel in the 
United States. 

> Mr. J. H. REnpDAtL has taken up an appointment 
at the National Physical Laboratory, Teddington, 
Middlesex. 

> Mr. A. D. SToRKE, C.M.G., has resigned his appointment 
as Director of Climax Molybdenum Company of Europe, 
Ltd., of London and Sheffield, as from 30th June, 1949. 
> Mr. C. R. Torrie has been awarded the degree of 
M.Met. of Sheffield University. 

> Mr. F. E. WALKER has left Swansea to take up an 
appointment with the Bristol Aeroplane Co., Ltd. 


Obituary 


ERNST POENSGEN has died in Switzerland in his 78th 
year. He waselected an Honorary Vice-President of the 
Institute in 1937. 


CONTRIBUTORS TO THE JOURNAL 


J. D. Lavender—In the X-ray Department of the 
Brown-Firth Research Laboratories. Mr. Lavender was 
born in 1924, and was educated at Ecclesfield Grammar 
School, near Sheffield. He joined the Brown-Firth 
Research Laboratories in 1942, to work on the radio- 
graphy of light-alloy and steel castings. He changed 
over to X-ray crystallography in 1945. 

A. F. Gay, B.A.—Experimental Engineer with the 
Shell Petroleum Co. (F.0.T. Dept.). Mr. Gay was born 
in 1919, and was educated at Caterham School, Surrey, 
and at Christ’s College, Cambridge, where he obtained 
First Class in Engineering Studies, in 1940. From 1940 
to 1946 he was in the Technical (E.) branch of the 
R.A.F.V.R. Mr. Gay took up his present position in 
October, 1947. 

E. Whitehead, A.Met.— Research Engineer, in charge of 
the Instrument Department at the crus hrs anneal 
Steel Company, a branch 
of The United Steel Com- 
panies, Ltd. Mr. Whitehead 
was born in 1902, and was 
educated at the Bolton School 
and at Sheffield University. 
He served an apprenticeship 
with Messrs. Palmers Ship- 
building and Iron Co., Ltd., 
Jarrow-on-Tyne. 

Mr. Whitehead was for 
three years Assistant Melting 
Shop Manager at the Apple- 
by-Frodingham Steel Com- 
pany, and took up his present 


position in January, 1930. E. Whitehead 
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J. Trotter—In the Metallurgy Division of the National 
Physical Laboratory. Mr. Trotter joined the National 
Physical Laboratory in 1917, where he has assisted in 
the following researches: Dr. L. L. Bircumshaw’s work 
on the surface tension of liquid metals ; Professor G. D. 
Preston and Dr. L. L. Bireumshaw’s electron diffraction 
studies of oxide films on metals ; Dr. Preston’s work on 
age hardening and precipitation in copper—aluminium 
alloys ; and Dr. Preston’s investigations with the electron 
microscope. Mr. Trotter is engaged at the present time 
in the application of the electron microscope to metal- 
lurgical problems. 

R. Wild, Ph.D.— Blast-Furnace Research Department 
of the Imperial College of Science and Technology, South 
Kensington. Dr. Wild was educated at Southall County 
School, Middlesex, and at University College, London, 
where he obtained a science degree, and subsequently 
was engaged in research. In 1937 he joined the Bone 
Research and Development Association, Ltd., for work 
on the constitution of coal, under the direction of the 
late Professor Bone. 

Dr. Wild took up his present work in 1939, to study 
problems concerned with iron making, particularly the 
distribution of materials in the blast-furnace. Since 
1945 the Department has been associated with the Tron- 
making Division of the British Iron and Steel Research 
Association. 


IRON AND STEEL ENGINEERS GROUP 
Eleventh Meeting 


It has been found necessary to postpone the next 
meeting of the Group, which was announced in the 
August issue of the Journal to be held on 23rd November. 
The meeting will now be held, at the offices of the 
Institute, on Wednesday, 14th December, 1949. 

The meeting will be devoted to the discussion of 
papers on electrical generation, distribution, and pro- 
tection, and on the layout of integrated steelworks. 


Meeting of Junior Engineers 

A meeting of junior engineers (under the age of 35) 
has been arranged jointly by the Engineers Group and 
the Plant Engineering Division of the British Iron and 
Steel Research Association. It will be held at Ashorne 
Hill, Leamington Spa, on Wednesday and Thursday, 
19th and 20th October, 1949, and Mr. W. F. Cartwright, 
Chairman of the Engineers Group, wil] preside. Further 
particulars will be given in the October issue of the Journal. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Second Junior Blast Furnace Conference 


The conference was held at Ashorne Hill on 16th and 
17th June, 1949. Dr. H. L. Saunders, Head of the Iron 
Making Division, explained ‘the work of the Division, 
and models and apparatus were exhibited. Discussions 
also took place on the subject of “‘ Factors and methods 
of influencing the shift-to-shift control of iron for steel- 
making. 

Third Junior Steelmaking Conference 

The conference was held at Ashorne Hill on 22nd and 
23rd June, 1949, when five short talks were given and 
discussed. The subjects included: Layout, stocking 
and charging methods in modern steelworks ; methods 
of firing O.H. furnaces ; ingot defect definitions ; removal 
of sulphur in the basic O.H. furnace ; and balanced steel 
ingots. 

Hairline Crack Sub-Committee 

The Alloy Steels Research Committee has accepted 

the recommendation of the Hairline Crack Sub-Com- 
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mittee that the Sub-Committee should be wound up. 
The Sub-Committee has largely fulfilled its original 
purpose by substantially clarifying the factors under- 
lying hairline crack formation, and although the mech- 
anism has not been fully explained, research has indicated 
the practical steps which should be taken to reduce 
hairline crack formation. The investigations are becom- 
ing wider in scope and the current projects of the 
Sub-Committee will in future be reported to the Alloy 
Steels Research Committee. 


INSTITUTE OF METALS 
Autumn Meeting, Paris, October, 1949 


The 1949 Autumn Meeting in Paris, which was tenta- 
tively announced to commence on 26th September, will 
now commence on Monday, 3rd October. The date of 
the meeting has been selected to conform to that of the 
annual meeting of the Société Francaise de Métallurgie. 
The technical sessions of both meetings will be held at 
the Maison de la Chimie, but the French Society’s 
discussions on non-ferrous metallurgical subjects will 
not clash with those of the Institute of Metals. 

The Meeting will be in two parts : Part I, in Paris, and 
Part II will consist of a series of tours. 

An influential Reception Committee has been formed 
to welcome Members of the Institute to Paris, and Dr. 
Eugene Dupuy has kindly offered to act as Honorary 
Secretary to the Reception Committee. 


NEWS OF SCIENCE AND INDUSTRY 


Adoption of the name “Celsius” in place of 
“ Centigrade ” 


In the News Section of the July issue of the Journal 
(p. 346) it was erroneously stated that the British 
Standards Institution had adopted the term Celsius in 
place of Centigrade. Whilst the General Council and 
Divisional Councils of the Institution are in agreement 
in principle that the change should be made, it has 
been decided to consult other English speaking countries 
before actually making the change in British Standard 
specifications. 

New Director of the National Physical Laboratory 


The Lord President of the Council has appointed 
Professor E. C. Bullard, M.A., Ph.D., F.R.S., Professor 
of Physics in the University of Toronto, to be Director 
of the National Physical Laboratory in succession to 
Sir Charles Darwin, K.B.E., M.C., Se.D., F.R.S. It is 
expected that Professor Bullard will take up the appoint- 
ment in January, 1950. 

Professor Bullard, who is forty-one years old, was edu- 
cated at Repton and at Clare College, Cambridge, where 
he studied physics. In 1931 he was appointed to the new 
post of demonstrator in geodesy, and he worked out 
improved methods for recording the times of the swing 
of pendulums for determining the force of gravity. 

Elected to the Smithson Research Fellowship of the 
Royal Society in 1936, Professor Bullard continued to 
work at Cambridge, and studied geophysical methods 
of determining the geology of the earth’s crust. 

When war broke out in 1939, Professor Bullard joined 
the Admiralty, where his most important work was on 
the de-gaussing of ships against the magnetic mine, and 
he was also concerned with measures against the acoustic 
mine. From 1944 to 1945 he was Assistant Director of 
Naval Operational Research. 

Professor Bullard was elected a Fellow of Clare College 
in 1943, and when war ended he took up geophysical 
work again, until 1948, when he was appointed Professor 
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of Physics at Toronto University. He was made a Fellow 
of the Royal Society in 1941. 


Whitworth Scholarships 


Two Senior Scholarships and five Scholarships will 
be available for competition in 1950 to candidates of 
British nationality who are not more than 26 years of 
age. They are required to have had practical experience 
in engineering before taking up an award. 

Whitworth Senior Scholarships are for candidates who 
possess an engineering degree or a Higher National 
Certificate with two distinctions, or who are in the last 
year of a course leading to one of these qualifications. 
The annual value of the awards is £325, and they will 
be tenable for two years for a course of further training 
in industry or for research work. Candidates are required 
to submit a thesis on one of a number of specified subjects. 

Whitworth Scholarships are for students whose further 
education has been limited to evening classes. Their 
annual value is £200, though this amount may be in- 
creased, depending on the cost of the course and the 
means of the holder. They are tenable for three years, 
either in industry or at an educational establishment. 
They will be awarded on the results of the Whitworth 
Scholarships Examination to be held in April, 1950. 

Further details of the awards may be obtained from 
Heads of Colleges of Further Education, or from the 
Ministry of Education, Curzon Street, London, W.1. 
The closing date for the competition is 15th January, 
1950. 


National Foundry College 


The new session of the College is to be opened on 
Friday, 23rd September, 1949, by the Rt. Hon. G. 
Tomlinson, the Minister of Education. During the day, 
the Minister will officially open Tor Lodge, which has been 
acquired and converted into a hostel for the students. 


National Metallurgical Exhibition, Madrid 


An industrial exhibition, organized by the National 
Technical Review with the support of the Spanish Iron 
and Steel Institute, is being held in Madrid in September, 
1949. 


Conference on Pre-Stressed Concrete 


The Conference on Pre-Stressed Concrete, arranged 
by the Joint Committee on Materials and their Testing, 
under the auspices of The Institution of Civil Engineers, 
held in February, 1949, and announced in the Journal 
for February, 1949, p. 143, was well attended and highly 
successful. Copies of the Proceedings of the Conference 
can be obtained on application to The Institution of 
Civil Engineers, Great George Street, Westminster, 
S8.W.1. (Price 7s. 6d. post free.) 

The United Steel Companies, Ltd. 


The United Steel Companies, Ltd., has announced 
record production figures for the financial year ending 
on 30th June, 1949. The firm made 2,042,056 tons of 
steel ingots during the year, 146,000 tons more than 
the previous record. 


Memoranda 


Mr. R. A. West has been elected to the Board of 
Igranic Electric Co., Ltd., of Bedford. Mr. West was 
educated at Oundle School, and served a five-year appren- 
ticeship with the Igranic Company. After a few years’ 
training in works and offices he was transferred to the 
Company’s Scottish Branch as Branch Manager. Mr. 
West has recently returned to Bedford after seventeen 
years at the Scottish Branch, during which time he 
wrote “ Hleetric Traction for Cranes,” published by 
Pitmans, and was the author of several technical 
papers. 
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Transfer of Manufacture to Kelvin and Hughes, Ltd. 


The manufacturing assets and activities of Messrs. 
Kelvin, Bottomley and Baird, Ltd., and Messrs. Henry 
Hughes and Son, Ltd., have been transferred to Kelvin 
and Hughes, Ltd., so that henceforward all three factories 
at Hillington (Glasgow), Basingstoke, and Barkingside 
will operate in the name of Kelvin and Hughes, Ltd. 


Change of Address 


The British Scientific Instrument Research Associ- 
ation’s headquarters have been moved from Russell 
Square, London, W.C.1, to 17 Princes Gate, London, 


S.W.7. 
DIARY 


17th Aug.-6th Sept.—UniTEp NaTIons SCIENTIFIC 
CONFERENCE on ‘‘ The Conservation and Utilization 
of Resources ’’—Lake Success, U.S.A. 

25th Aug.-10th Sept.—Suiepinc, ENGINEERING AND 
MACHINERY ExuisitTion, Olympia, London, W.14. 

29th Aug.—-2nd Sept.—INTERNATIONAL FouNDRY Con- 
GREss—Amsterdam, Holland. 

31st Aug.-7th Sept.—BririsH ASSOCIATION FOR THE 
ADVANCEMENT OF ScIENCE—Annual Meeting— 
Newcastle-upon-Tyne. 

5th-7th Sept.—FourtH NORWEGIAN ENGINEERS Con- 
FERENCE—Seventy-fifth Anniversary of the Nor- 
wegian Engineers Association—OQOslo. 

12th-17th Sept.—SeEconp INTERNATIONAL MECHANICAL 
ENGINEERING CONGRESS—Par's. 

19th-24th Sept.—InstituTE or PHYSICS AND THE 
University oF Bristor—Summer School in 
Theoretical Physics, with particular application to 
crystal growth and related problems—Department 
of Adult Education, The University, Bristol. 

3rd-S8th Oct.—Socrzrz FRANCAISE DE METALLURGIE, 
Annual Meeting—Maison de la Chimie, Paris. 

3rd-8th Oct.—InstiTUTE oF Merats—Autumn Meeting 
—Maison de la Chimie, Paris. 


TRANSLATION SERVICE 


(The previous announcement was made in the August, 

1949, issue of the Journal, p. 478). 
TRANSLATION AVAILABLE 

No. 382 (German). G. NAESER and W. PEPPERHOFY : 
‘“The Radiation Properties of Refractory 
Bricks and Slags and Their Influence on the 
Heat Transfer.” (Stahl und Eisen, 1949, vol. 69. 
May 12, pp. 325-328). 

TRANSLATIONS IN COURSE OF PREPARATION 

(German). R. Pon~tman: ‘“ Examination of Materials 
by the Visible-Sound Method.” (Die Technik. 
1948, vol. 3, Nov., pp. 465-470). 

(Russian). O. V. Sanusrna and M. L. Turic# : “ Tem- 
perature and Humidity Factors in the Corrosion 
of Metals in Sulphur Dioxide Atmospheres.” 
(Zhurnal Prikladnoi Khimii, 1948, vol. 12, 
Apr., pp. 362-371). 

CHARGES FOR CoPres OF TRANSLATIONS—The charge 
for the above translations is £1 for the first copy and 
10s. for each additional copy of the same translation. 
Requests should be accompanied by a remittance. 
These translations are not available on loan from the 
Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST— 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether the translations can be prepared for 
inclusion in the Series. 
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ORES—-MINING AND TREATMENT 


An Introduction to Ore Beneficiation. W. L. Maxson. 
(Electrical Engineering, 1949, vol. 68, Jan., pp. 48-49). A 
brief survey is given of different methods of separating 
metals in ores from the waste materials.—J. ©. R. 

Electric Power in a Large Iron Ore Beneficiation Plant. 
A. F. Gettelman. (Electrical Engineering, 1949, vol. 68, 
Jan., pp. 49-56). Large iron ore beneficiation plants are 
being planned in U.S.A. to deal with the low grade taconite 
ores of the Mesabi range. The problems of electric power 
distribution and utilization in such works are discussed and 
an illustrated description is given of a suggested power 
distribution system for a typical large beneficiation plant. 

FO: 

Agglomeration of Taconite Concentrate. W. Lund. 
(Journal of The Iron and Steel Institute, 1949, vol. 162, 
May, pp. 1-3.) A description is given of the filter briquetting 
process employed at the Sydvaranger Iron Ore Co. before 
the war, this process having superseded the earlier sintering 
plant. Early tests with a pelletizing process are described, 
and a pilot plant is now being erected. 

Iron Ore Concentration at Sydvaranger, Norway. J. K. 
Johanssen. (Journal of The [ron and Steel Institute, 1949, 
vol. 162, May, pp. 4-11). The paper describes methods of 
dressing, crushing, and concentrating magnetite iron ore 
mined at Aktieselskabet Sydvaranger, in Norway, and gives 
details of the composition of the ore. The method of con- 
centrating by magnetic separation is discussed, as well as 
the degree to which the concentrate is dewatered. 

The old plant, which was destroyed during the war, is 
described, and a flowsheet illustrates the stages and treatment 
through which the ore passed. The proposals for the new 
plant are outlined, and the advantages that will accrue from 
it are reflected in the simplified flowsheet. 

New Ore-Preparation Plant at Stewarts and Lloyds, Ltd., 
Corby. T. Bishop. (Iron and Coal Trades Review, 1949, 
vol. 158, Mar. 4, pp. 457-460). Ore Preparation Plant at Corby. 
(Engineer, 1949, vol. 187, Apr. 29, pp. 475-477). An illus- 
trated description is given of the new ore-preparation plant 
of Stewarts and Lloyds, Ltd., at Corby. Northamptonshire 
ores are used and blending is carried out to give a controlled 
silica /lime ratio of nearly one to one while ensuring that sul- 
phur entering the furnace in the ore does not exceed 0°3%. 

TsO. B. 

Notes on the Benefication of Iron Ore. P.E. Henry. (Revue 
de l’Industrie Minérale, 1949, Mar., pp. 119-124). The various 
methods of iron ore beneficiation are discussed from the point 
of view of their suitability for the treatment of French ores. 

RY: ¥: 
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Sintering and Use of the Sintered Product in the Blast 
Furnace. J. T. Tornblad. (Instituto del Hierro y del Acero, 
1948, vol. 1, Oct.-Dec., pp. 38-41). [In Spanish]. Essential 
points in down-draft sintering are discussed : Volume of air, 
humidity, question of returned fines, uniform ignition, cooling, 
elimination of sulphur. German and British practices are 
mentioned.—k. s. 

Report to the Spanish Iron and Steel Institute of the Com- 
mittee on Sintering. (Instituto del Hierro y de Acero, 1948, 
vol. 1, Oct.—Dec., pp. 50-57). [In Spanish]. This report 
draws up a plan for research on sinter. The first step is to 
study behaviour of different Spanish ores in a pilot plant, 
especially as regards the permeability of the sinter bed during 
the various stages of sintering. The possibility of desulphuriza- 
tion, so important in the sintering of some Spanish ores, is 
also an important problem for study. 

Mention is made of sintering by upward blowing instead 
of downdraft suction. This would throw up the charge. It 
was proposed to carry out trials with blowing in the upper 
part of the bed, 7.e., to create the pressure differential between 
the upper and lower parts, to cause draft by blowing instead 
of suction. Fans would use cold air in place of corrosive hot 
gases. It is thought that, with blowing, much higher pressure 
differences could be obtained than by suction. 

Several brief accounts are given of sintering in Spain under 
difficult conditions, chiefly pertaining to scarcity of suitable 
ferriferous materials.—R. s. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Burn Waste Coke in Cupola. W. A. Engelhart and H. W. 
Arterburn. (American Foundryman, 1948, vol. 14, Nov., 
pp. 59-60). To avoid wasting coke dust, briquettes 3} in. 
by 4? in. by 7? in. have been prepared by the following proce- 
dure : The coke breeze is passed between crushing rollers and 
mixed with 5°, Portland cement and 1°, lime. Sutticient 
water is added to cause the particles to cling together under 
slight pressure and a vibrating machine is employed to form 
the briquettes which are subjected to 250 Ib./sq. in. steam 


pressure for 4 hr. They improve in strength with ageing 
and can be stored indefinitely without deterioration. They 
are used as 10-12%, of the coke charge in cupolas, this 
figure corresponding to the proportion of coke breeze re- 


covered.—4J. C. R. 

Blending of Anthrafines in Coke Production. J. D. Clende- 
nin and J. Kohlberg. (Transactions of the 6th Annual 
Anthracite Conference, Lehigh University, 1948, May 6-7, 
pp. 215-271: Fuel Abstracts, 1948, vol. 4, Dec., p- 1S). 
On the basis of previous investigations in blending char, coke 
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breeze or dust, flue dust, pulverized anthracite, and other 
fines with coking coals, the present study deals with reasons 
for and against blending anthrafines (fines from anthracite), 
selection of anthrafines, and experience and observations of 
coke-plant operators who use such blends. 

Coals of Chile. A. L. Toenges, L. W. Kelly, J. D. Davis, 
D. A. Reynolds, T. Fraser, W. L. Crentz, and R. F. Abernethy. 
(United States Bureau of Mines, 1948, Bulletin 474). This 
is a report on the work of the Coal Mission on Coals of Chile 
which was to determine whether coal from the Schwager 
and Lota mines will produce a good metallurgical coke. In 
general these coals are characterized by low yields of coke 
and high yields of gas and light oil.—nr. a. R. 

Production of Metallurgical Coke and Resultant Coal 
Chemicals. P. 8S. Savage. (Steel, 1949, vol. 124, May 2 
pp. 94-98, 101-104 ; May 9, pp. 117, 120, 123, 126, 129, 132 ; 
May 16, pp. 102-108, 111, 112, 114). The first part of this 
article describes coke production in beehive ovens, as revived 
during the recent war and passes on to ‘ chemical type ” 
ovens in which the production of gas and coal chemicals is 
equal in importance to the manufacture of coke. Shortage 
of metallurgical coke, and the recovery in the price of coal 
chemicals has led to a great and recent expansion of building 
of the latter type of oven: these are fully described in the 
second part of the article. They follow the lines in use for 
the past 30 years, being mainly of the Koppers-Becker and 
Wilputte under-jet types. The author considers that the 
standard coke-oven, to work on most American coals, 
will be 17-18 in. wide, 12-13 ft. high, with a 3-4 in. taper, 
heated by blast-furnace or producer gas; he considers 
that coal blending, using up to 20% of low-volatile coal, will 
increase in importance. Mixing with small quantities of oil 
gives a more uniform coke and slightly increased production 
of gas and chemical products. In the last part of the article 
the extraction of coal chemicals from the gas is dealt with, 
including the recovery of tar, of ammonia as the sulphate, 
both from the gas and from the flushing liquor, of pyridine 
and of nephthalene, and of benzol by oil-scrubbing. The 
separation of crude benzol into benzol, toluol, and xylol by 
distillation is also described. Modern steelworks requirements 
may involve, as a final step, the removal of sulphur.—s. P. s. 


Fuel Oil in the Steel Industry. A. J. Fisher. (Iron and 
Steel Engineer, 1949, vol. 26, Apr., pp. 55-71). See Journ. 1. 
and §.I., 1949, vol. 161, Jan., p. 56. 


The (Hungarian) Institute for Peat Research, its Organiza- 
tion, the Problems It Solved, and the Problems to be Solved, 
J. Dzsida. (Banydszati és Kohdszati Lapok, 1949, vol. 4, 
Mar. 15, pp. 107-110). [In Hungarian]. The Turf (peat) 
Research Institute in Hungary was formed in 1948. Geolo- 
gical prospecting is being carried out, and the peat resources 
of the country mapped. Up to now about 10,000 trial borings 
have been made, and the existence of about 120 million tons 
of peat has been proved. Laboratory and practical tests are 
being carried out on the utilization of the peat for producing 
briquettes and peat coke as well as an ingredient for fertilizers. 

E.G. 


TEMPERATURE MEASUREMENT AND CONTROL 


A Process for Protecting the Wires of a Platinum /Platinum- 
Rhodium Thermocouple. M. Chaussain. (Métallurgie, 1949, 
vol. 81, Apr. pp. 35, 37). Whereas most refractory materials 
at high temperatures exercise a harmful influence on the 
thermo-electric properties of platinum/platinum-rhodium 
thermocouples, thorium oxide protects the wires against 
contamination. The use of a pyrometer, with the thermo- 
couple thus protected, for the accurate measurement of the 
temperature of steel baths, is discussed.—J. C. R. 

A Bath Immersion Pyrometer. P.M. Johnson. (American 
Institute of Mining and Metallurgical Engineers, Proceedings 
of the 31st National Open Hearth Conference, Apr., 1948, 
pp. 250-254). A description is given of an immersion 
pyrometer consisting of a Brown indicating and recording 
Electronik potentiometer, a standardizing cell, an air-drying 
unit, and a Weston photronic cell at one end of a tube 2 in. 
in dia. x 7 ft. long.—R. A. R. 

n-Molybdenum Thermocouples. R. D. Potter. 
(Iron Age, 1949, vol. 163, Mar. 31, pp. 65-69). The manu- 
facture, annealing, and calibration of tungsten—molybdenum 
thermocouples is described. As sheaths, fused quartz 
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functions satisfactorily up to 3100° F. (1700° C.), but above 
this beryllia or zirconia must be used. Temperatures up to 
3500° F.-4000° F. (1925° C.-2200° C.) can be measured. 

J. P. 8. 

Apparatus for Measuring the Heat Flows in High Tem- 
perature Furnaces. A.I.Chernogolov. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Feb., pp. 182-190). [In Russian]. 
Descriptions are given of the construction of several types of 
apparatus capable of being used for the measurement of 
heat-flow in furnaces, such as the open-hearth furnace, 
working at high temperature. The first type considered is 
the water calorimeter, in which the difference in temperature 
of water entering and leaving the heat absorber is a measure 
of the temperature. This is stated to be suitable for the 
calibration of other forms of heat probe, though too clumsy 
in its present form for convenient use in experimental 
investigations. In the petal radiometer, the heat is absorbed 
by two corundum-coated platinum or nickel plates in each 
of which thermocouples are embedded. It was found that 
these plates tend to become coated with metal or slag drops 
if used near the metal bath of the open-hearth furnace. The 
design of the disc differential heat probe, intended for the 
measurement of balanced heat flow, is based on a disc of 
heat-resisting steel 80 mm. in dia. and 20 mm. thick. To 
each face of the disc a constantan wire is fused, the whole 
forming a pair of thermocouples. Besides being incapable 
of giving a measure of the temperature at a given point, this 
instrument was found to have several operational dis- 
advantages, the same being true of Kazantsev’s heat probe, 
which depends on the measurement of heat entering in a 
given time a cylinder approximating to a black body. The 
heat probe found to give the most satisfactory service was 
that designed recently by the Eastern Fuel Utilization 
Research Institute. This instrument has two heat absorbers, 
squat cylinders of heat-resisting steel, arranged in such a 
way that each has one plane face water-cooled and one 
plane face presented to the surrounding medium. A 
constantan lead is fused to each plane face of each cylinder. 
This probe was used in operating open-hearth furnaces fired 
by gas or oil to determine the actual heat intake of the 
bath as the difference between the heat received and that 
emitted by it.—s. kK. 

Temperature Control for Hardening Drill Steel. H. O. 
Howey. (Canadian Mining and Metallurgical Bulletin, 
1949, vol. 42, Jan., p. 10). A description is given of a high- 
internal-resistance pyrometer which has been successfully 
used for controlling the hardening temperature of rock-drill 
bits.—-R. A. R. 

Temperature Control of Electrically Heated Gas Carburizing 
Furnaces. (Instrumentation, 1948, vol. 3, p. 21). 

Some Examples of Furnace Instrumentation. M. W. 
Thring. (Iron and Coal Trades Review, 1949, vol. 158, 
Feb. 25, pp. 403-406). Descriptions are given, with illustra- 
tions, of instrumentation schemes for blast-furnaces, open- 
hearth furnaces, soaking pits and slab-heating furnaces. 

J. C. Bz 

Measuring Steel Bath Temperatures by Purged Tube 
Method. (Steel, 1949, vol. 164, Jan. 31, pp. 65-66). Pyro- 
meter Measures Temperature of Molten Steel. (Blast Furnace 
and Steel Plant, 1949, vol. 37, Jan., p. 90). In this instru- 
ment, a photoelectric cell is used at the end of a sighting 
tube which is inserted through the slag layer into the molten 
steel and purged with air or an inert gas so that a cavity 
is formed under the surface of the metal. It is the tempera- 
ture of the walls of this cavity which is measured. The 
more exact control of the furnace arising from knowledge of 
its temperature has improved quality, reduced fuel con- 
sumption, and permitted the attainment of better pouring 
practice.—J. P. Ss. 


REFRACTORY MATERIALS 


The Properties of Olivine and Its Uses for Refractories 
and Moulding Sands. K. J. Stenvik. (Journal of The Iron 
and Steel Institute, 1949, vol. 162, May, pp. 44-48). Natural 
olivine and olivine rocks have been known for some time to 
have valuable refractory properties, and magnesium ortho- 
silicate has been used recently in refractories on an industrial 
scale. Forsterite (2MgO.SiO, or Mg,SiO,) has been the 
object of much research during the development of these 
refractories. Details of the investigations are given, and the 
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properties of forsterite are compared with those of other 
refractory materials. Experiments have also been carried 
out on olivine for use as a moulding sand. Best-quality 
olivine has a number of technical advantages over quartz 
for use in foundry operations, and it appears from animal 
tests that little or no silicosis hazard is involved with the 
use of olivine sands. 

Heat Balances and Economics of Steelworks Raw- Materials 
Preparation Plants. IV. Fundamentals of the Burning of 
Limestone, Dolomite, and Magnesite. K.Guthmann. (Stahl 
und Eisen, 1949, vol. 69, Mar. 3, pp. 154-158). Continuing 
the series on the preparation of steelworks raw materials 
(see Journ. I. and S.I., 1943, No. I, p. 39a), the author 
presents and discusses data for the construction of heat 
balances relating to the burning of limestone, dolomite, and 
magnesite ; the properties of the products are also dealt with. 

R. A. Re 

Determining the True Heat Losses in Lime Burning. 
H. Eigen. (Stahl und Eisen, 1949, vol. 69, Mar. 3, pp. 158- 
161). The theoretical and actual consumptions of heat for 
calcining limestone are discussed, heat calculations are 
presented, and an example is given of the steps taken and 
the conditions necessary for bringing the coke consumption 
down to about 12-5% of the weight of lime produced.—k. A. R. 

Utilization of Dolomites with Calcite on Inclusions. G. V. 
Kukolev and G. J. Dolgina. (Ogneupory, 1948, vol. 13, 
No. 5, pp. 173-177: American Ceramic Abstracts, 1949, 
Feb. 1, p. 60). 

Treating Lis’ya Gora Dolomites for Metallurgical Use. 
G. V. Kukolev and G. Z. Dolgina. (Ogneupory, 1948, 
vol. 13, No. 6, pp. 273-279: American Ceramic Abstracts, 
1949, Feb. 1, p. 60). 

Selection of Furnace for Firing Metallurgical Dolomite. 
V. A. Gezburg. (Ogneupory, 1948, vol. 13, No. 6, pp. 282- 
283: American Ceramic Abstracts, 1949, Feb., pp. 56-57). 

Production of Grog in a Rotary Furnace. 1. G. Vainrub. 
(Ogneupory, 1948, vol. 13, No. 5, pp. 147-162: American 
Ceramic Abstracts, 1949, Feb. 1, p. 44). 

Application of Contemporary Physico-chemical Data on the 
Structure of Liquids to the Technology of Dinas Refractories. 
I. E. Dudavskii. (Ogneupory, 1948, vol. 13, No. 7, pp. 308- 
$22: American Ceramic Abstracts, 1949, Feb. 1, p. 43). 

Preliminary Investigations into Coring of Fireclay Refrac- 
tories. K.W. Cowling and A. Elliott. (Transactions of the 
British Ceramic Society, 1948, vol. 48, Mar., pp. 108-131). 
Investigation of outbreaks of black-hearting in casting-pit 
refractories fired in tunnel kilns shows that the major factor 
affecting this is a change in texture of the ware, leading 
generally to decreased porosity and particularly to the 
formation of a relatively high percentage of closed pores. 
Amongst the causes of this are too little grog or grog of too 
fine a grade, soured clay, and possibly excess moisture in 
the green ware. The tendency for coring to occur can be 
reduced by a reduction in vacuum maintained during de- 
airing, resulting in less closed pores though the total porosity 
remains unchanged. Confirmation has been obtained of 
previous statements that the rate of removal of both carbon 
and combined water increases with temperature at least up 
to 1000°C. Studies of the changes which occur during 
kilning show that (a) the closed pores are formed when the 
clay vitrifies; (b) permeability increases as the ware is 
kilned, and rapidly when contraction takes place; (c) 
strength increases throughout the kilning and quite rapidly 
between 400° and 600° C.; and (d) the true specific gravity 
figures show a change taking place from 700° C. onwards 
which is not reflected in any of the other properties studied. 

Effect of Alumina on Open-Hearth Roof Life. H. M. Graul 
and E. B. Snyder. (American Institute of Mining and 
Metallurgical Engineers, Proceedings of the 3lst National 
Open Hearth Conference, Apr., 1948, pp. 135-142). Methods of 
determining the alumina in high-silica bricks are reviewed 
and the spectrographic method is considered the best. The 
results of full-scale tests with open-hearth furnace roofs 
made of two types of silica brick having different alumina 
contents are reported. An increase of 0-2-0:3% of alumina 
makes a distinct difference. All bricks containing more than 
1% of alumina showed rapid wear, whereas bricks with 
0-90% of alumina, in general, lasted a long campaign.—R. A. R. 

Standard Roof Life of Open Hearths. H. M. Kraner. 
(American Institute of Mining and Metallurgical Engineers, 
Proceedings of the 3lst National Open Hearth Conference, 
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Apr., 1948, pp. 159-161). The Refractories Committee of 
the American Iron and Steel Institute recommends standard 
terms for comparing the performances of open-hearth furnace 
roofs. The “unit” adopted is a 134-in. thick cover from 
knuckle to knuckle of the furnace, and comparisons must 
be made on the basis of unit roofs plus all repairs made. 

R. A. R. 

Construction of Basic End and Main Roof for Open- Hearth 
Furnaces. A. K. Moore. (American Institute of Mining 
and Metallurgical Engineers, Proceedings of the 31st National 
Open Hearth Conference, Apr., 1948, pp. 164-175). Experi- 
ence gained by the Steel Company of Canada with open- 
hearth furnaces with basic ends and silica roofs is reported. 
This practice has increased production by 5-7°% by decreasing 
the time on repairs, reduced the cost of end and slag-pocket 
repairs by 3-5 cents per ingot ton, and reduced the fixed 
operating costs by 5 cents per ingot ton by the increase in 
production. Many illustrations of roof, ends, and slag-pocket 
design are shown.—R. A. R. 

Standardization of Top Sleeves. W. S. Debenham. 
(American Institute of Mining and Metallurgical Engineers, 
Proceedings of the 3lst National Open Hearth Conference, 
Apr., 1948, pp. 162-164). The Refractories Committee of 
the American Iron and Steel Institute has drawn up a list 
of standard sizes for the top sleeves of ladle nozzle refractories 
and a simple system of digits and letters for designating each 
of the seven sizes.—R. A. R. 

Quality and Service of Stopper Tubes. M.S. Kamenichnyi 
and N. F. Spektor. (Ogneupory, 1948, vol. 13, No. 5, pp. 
147-162: American Ceramic Abstracts, 1949, Feb. 1, p. 44). 

Wear of Dinas in the Arch of the Open-Hearth Furnace. 
V. A. Bron. (Ogneupory, 1948, vol. 13, No. 5, pp. 195-205. 
American Ceramic Abstracts, 1949, Feb. 1, p. 44). 

Destruction of the Bottom of Basic Open-Hearth Furnaces. 
P. S. Mamykin. (Ogneupory, 1948, vol. 13, No. 5, pp. 177- 
180: American Ceramic Abstracts, 1949, Feb. 1, p. 43). 

Zircon Refractories. V.H. Stott and A. Hilliard. (Trans- 
actions of the British Ceramic Society, 1949, vol. 48, Apr., 
pp. 133-143). Results of firing tests on zircon refractories 
show that a firing temperature of 1650° C. for one hour will 
increase the resistance to load and slag attack at high 
temperatures and reduce the adverse effect of fluxing 
impurities. The effect of various additions and heat-treat- 
ments are discussed and a probable explanation is suggested. 


eS aS 

A Sounding Automatic Warning Device for the Apparatus 
for the Determination of the Temperatures of Deformation of 
Refractory Materials. M. B. Gotlib. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Jan., pp. 119-120). [In Russian}. 
The construction and operation of a device, which causes a 
bell to ring and a light to flash at the moment when the 
deformation of the specimen of refractory material under 
test commences, is described. It has proved satisfactory 
for five years.—s. K. 

Properties and Uses of Pure Oxide Heavy Refractories. 
O. J. Whittemore, jun. (Journal of the American Ceramic 
Society, 1949, vol. 32, Feb. 1, pp. 48-53). The properties, 
density, porosity, thermal conductivity, high-temperature 
load-bearing resistance, and reheat shrinkage were determined 
for pure alumina, magnesia, and stabilized zirconia. The 
uses and limitations of these three refractories are discussed. 
Alumina will withstand temperature up to 1900° C. Magnesia 
refractories can be used up to 2300° C. in oxidizing atmos- 
pheres but not above 1700° C. in highly reducing atmospheres. 
Zirconia refractories may be used up to 2400° C. but have 
low electrical resistivity at high temperatures and cannot 
be used as cores in high temperature, wire-wound resistance 
furnaces.—R. F. F. 

The Apparent Solid Density of Silica Bricks. A. H. B. 
Cross and P. F. Young. (Transactions of the British Ceramic 
Society, 1949, vol. 48, Mar.. pp. 99-108). A proposed 
system of terminology to define the various degrees of density 
which may be associated with a porous material is described. 
The proposed definitions are: Bulk Density, Apparent 
Solid Density, and Solid Density. The usual method of 
determining solid density using a Rees-Hugill flask is lengthy 
and the value determined may be in error to the extent 
of 0-02. The author’s HTWB method (see Journ. I. and 
8.I., 1948, vol. 159, July, p. 323) is used to determine the 
apparent solid density and a statistical survey of 200 silica 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





94 ABSTRACTS 


bricks shows that the value so obtained is nearly the same 
as the solid density. Results of tests on 50 test-pieces show 
that the apparent solid density is reproducible within 0-003 
and 0-006 using the HTWB method.—r. F. Fr. 

Recent Developments in Refractories. H. M. Kraner. 
(Yearly Proceedings of the Association of Iron and Steel 
Engineers, 1948, pp. 255-260). See Journ. I. and §.I., 1948, 
vol. 159, Aug., p. 433. 

Silica and Fire Clay Refractories for Steel Plant Furnaces. 
C. A. Brashares. (Yearly Proceedings of the Association of 
Iron and Steel Engineers, 1948, pp. 919-923). See Journ. 
I, and §8.1., 1949, vol. 162, May, p. 111. 

Handling of Refractory Materials. I. C. Johnston. 
(American Institute of Mining and Metallurgical Engineers, 
Proceedings of the 3lst National Open Hearth Conference, 
Apr., 1948, pp. 57-60). Methods of moving refractory 
bricks from railway truck to store and from store to steel 
furnace at the works of Republic Steel Corp. are described. 
Great economies have been affected by using two 4000-lb. 
capacity tractors with devices capable of lifting pallets 3 ft. 
x 4 ft. to a height of 6 ft.—nr. A. R. 

Stabilised Dolomite. W. De Keyser. (Dyna, 1949, vol. 
24, Apr., pp. 135-138). [In Spenish]. Stabilized dolomite 
replaces magnesia. Its value is enhanced by the relative 
scarcity of magnesia and the remoteness of magnesia deposits 
from industrial centres. The properties of magnesia and 
dolomite are described. A flow sheet illustrates the manu- 
facture of clinker and bricks. Properties of magnesia bricks 
and English stabilized dolomite bricks are compared. Stabi- 
lized dolomite bricks are not used above the slag line in 
open-hearth furnaces as they must be protected from violent 
temperature changes. 

Insulating bricks of stabilized dolomite made with 2°%% 
borax added to a mixture of 86 parts of dolomite and 14 parts 
of pure sand have good heat-resisting properties.—Rr. s. 

The Disintegration of Fire Bricks by Carbon Monoxide. 
S. F. Bohlken. (Recueil des Travaux Chimiques des Pays- 
Bas, 1948, vol. 67, Sept.—-Oct., pp. 521-538). In the first 
part of this article, a new method for the determination of 
the resistance of firebricks to disintegration by carbon 
monoxide is described. In this method dry gas containing 
34-5°, of carbon monoxide and 3% of hydrogen-is passed 
over a 100-g. sample of the finely crushed brick. The carbon 
dioxide evolved is titrated after absorption in baryta water. 
This method resembles that of Clews, but dry instead of wet 
carbon monoxide is used. Results of tests for nine types of 
brick and tentative specifications for resistance to disintegra- 
tion are given. In the second part, the results of tests are 
discussed. With rapid temperature changes excessive carbon 
dioxide will be evolved, which is dependent on the rapidity 
of the change, but independent of the temperature level 
between about 400-800° C. and the gas atmosphere. The 
behaviour of catalytically active materials and deposited 
carbon under pressure was also investigated.—k. F. F. 

Some Factors affecting Spalling of Fireclay Bricks. C. E. 
Moore. (Transactions of the British Ceramic Society, 1949, 
vol. 48, May, pp. 176-185). The author reviews the work of 
investigators who have studied spalling, and makes sugges- 
tions as to other lines which further investigations should 
follow.—Rk. F. F. 

Kryptol Furnace for the Determination of Refractoriness. 
M. B. Gotlib. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 375-376). [In Russian]. The construction of a 
Kryptol furnace is described. It has given satisfactory service 
over a number of years for testing the refractoriness of Dinas 
bricks, and can easily be built in laboratories dealing with 
refractory materials.—s. K. 

Reduces Annealing Cycle—Malleable Foundry Develops 
Insulation Method. U. W. Smith. (American Foundryman, 
1948, vol. 14, Oct., pp. 52-53). An old annealing furnace for 
malleable iron, of heavy firebrick construction backed by 
calcined diatomaceous silica brick, was rebuilt with light 
insulating refractory brick, backed by courses of diatomaceous 
silica and 85% magnesia insulating blocks. The change 
doubled the capacity of the furnace by reducing the annealing 
cycle from 120 hr. to 72 hr., and the firing time from 80-100 
hr. to 40 hr. Details are given of the method of rebuilding 
the furnace.—J. C. R. 

Siderurgical Furnaces with Rammed Silica Linings. A. 
Scortecci and F. Savioli. (Société Francaise de Métallurgie, 
Oct. 20, 1948: Revue de Métallurgie, Mémoires, 1949, vol. 
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46, Mar., pp. 141-146). The use of silica monoliths for open- 
hearth furnace gas inlets, electric furnace roofs, and for the 
port ends of open-hearth furnaces are briefly described. The 
properties of the rammed silica are noted.—a. E. ¢ 


BLAST-FURNACE PRACTICE AND PRODUCTION 
OF PIG IRON 


An Electric Furnace for the Manufacture of Pig Iron. 
(Boletin Minero Industrial, 1949, vol. 28, Mar., p. 138). 
{In Spanish]. A brief account is given of an electric shaft 
furnace at Lasarte for reducing iron ore, designed and built 
by Spaniards without external help. Fuel consumption 


compared with a blast-furnace was cut by two-thirds. Half 


the fuel was in the form of coke and half anthracite. 
This reduction to one-sixth in coke consumption is most 
important in Spanish industry. Furnace capacity is ten tons. 
No technical details are given.—nr. s. 

Low-Shaft Electric Furnace Commission Report to the 
Spanish Iron and Steel Institute. (Insituto del Hierro y del 
Acero, 1948, vol. 1, Oct.—Dec., pp. 11-20). [In Spanish}. 
The paper surveys the development of the low-shaft furnace, 
with special reference to Durrer’s work. The second part 
of the survey deals with the heat economy, yield, and effi- 
ciency of the furnace. A comparison of heat consumption 
is made between a blast-furnace and a low-shaft furnace 
working ore containing 50% iron. It was found that the 
low-shaft furnace becomes more economical, from a_ heat 
consumption point of view, the lower the iron contents of 
the ores used. The discussion deals with the possibility of 
the development of low-shaft electric furnaces in Spain.—k. s. 

Production of Grey Iron from Iron and Steel Swarf and 
Bauxite in Hungary. L. Wisnyovsky. (BanyAszati és Kohaszati 
Lapok, 1949, vol. 4, Mar. 15, pp. 99-105; Apr. 15, pp. 
135-143). [In Hungarian]. As Hungary has to rely on im- 
ported iron ore, experiments are being made there to utilize 
iron and steel borings and turnings with bauxite to produce 
pig iron for grey-iron foundries. For this purpose a small 
blast-furnace of 50 cu. m. volume has been built at Didsgyér 
which produces 30 to 40 tons/day of pig iron. At present 
about 15,000 tons of this iron and steel se rap are available in 
Hungary per year which, together with additions of bauxite, 
would be sufficient to cover the major part of the Hungarian 
requirements of foundry iron. The melting can be carried 
out with silicate or aluminate slags, the latter being more 
favourable for Hungarian conditions. Earlier experiments 
were made in experimental furnaces which were too small, 
and at Ozd, alumina-slag operation could only be carried 
on for a day or two, because the furnace broke down after 
that time. During experiments in Russia there were several 
breakouts of liquid iron in blast-furnaces working with bauxite. 
The melting experiments were carried out with charges of 
eight different bauxite/scrap ratios. For charges containing 
bauxite only, 465 kg. of coke were required for producing 
100 kg. of pig iron and 635 kg. of slag. For charges of 40% 
bauxite and 60°, scrap only 132 kg. of coke were required 
per 100 kg. of pig iron, and only 75 kg. of slag were produced 
with it. The analyses of the pig iron obtained from the 
various charges were in the following range: C 4-40—4-20%,, 
Si 0-90-1-40°;, Mn 0-40-0-50%, P 0-18-1-40%, S 0-005- 
0:07%, Ti 0-7%, and Cu 0-04°%, for purely bauxite charges. 
The bauxite does not contain any copper and the copper in the 
pig iron originated from the coke. The experiments have 
shown that the slag viscosity does not depend on the SiO, 
A1,0, ratios for slag containing 10°, to 20% of SiO, if the 
basicity is satisfactory. The sulphur content can be kept 
very low, under 0-01%, if the Al,O, content of the slag is high. 
The reduction of silica requires much coke and it is better 
to use ferrosilicon for increasing the silicon in the pig iron. 
The iron obtained has a fine pearlitic structure, and, owing to 
the presence of some chromium, is free from gas bubbles. 
The slag is suitable for cement making. If its SiO, content 
is below 10%, the cement properties are such that after 24 hr. 
it withstands compressive stresses of 600—700 kg./sq. cm. 
and has a tensile strength of 30-35 kg./sq. em. ; and the values 
obtained after 28 days are about 50°, higher. The strength 
decreases with increasing SiO, content, but the slag is suitable 
for use as cement up to SiO, contents of 14°, to 15%. Ifthe 
slag utilization is not taken into consideration, the process 
is economically justified (in Hungary) for charges where a 
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maximum of 100 kg. of slag is produced per 100 kg. of pig 
iron.—E. G. 

Problems in the Utilization of Low-Grade Iron Ores. D. D. 
Howat. (Iron and Coal Trades Review, 1949, vol. 158, Apr. 
15, pp. 789-793). The author considers the composition of 
British jurassic iron ores and the problems involved in 
smelting them in the blast-furnace. The effect on blast- 
furnace practice of ore blending, the utilization of fines, and 
ore concentration are discussed.—J. C. R. 

The Metallurgical Principles of the Blast-Furnace Process. 
I. The Behaviour of Sulphur.- Part A. Desulphurizing Pig 
Iron via Gaseous Silicon Sulphide. W. Oelsen and H. Maetz. 
(Mitteilungen aus dem Max-Planck-Institut fiir Eisenfor- 
schung, Report No. 484: Archiv fiir das Eisenhiittenwesen, 
1949, vol. 20, Jan.—Feb., pp. 53-58). After reviewing the 
literature on the formation of silicon sulphide in the blast- 
furnace process the authors report laboratory tests under 
conditions favourable for silicon sulphide formation. When 
the silicon was added to the melt as quartz sand, the silicon 
sulphide was considerably diluted by carbon monoxide and the 
silicon sulphide begins to form at lower silicon contents than 
when the silicon was added as ferrosilicon. Even under very 
favourable conditions there must be at least 10% silicon 
present in the iron to get the sulphur down to the permissible 
limit of say 0-05%. Desulphurization of pig iron by forma- 
tion of gaseous silicon sulphide does not play an important 
part in the full-scale blast-furnace process. 

A ternary diagram for the Fe(C)-Si-S system is developed 
from the test data.—R. A. R. 

The Conversion of Titania-Bearing Lime-Silicate Slags 
with Carbon-Bearing Iron as a Basis for Smelting Titaniferous 
Iron Ores. H. Wentrup, H. Maetz, and P. Heller. (Mitteilun- 
gen aus der Versuchsanstalt der Firma Fried. Krupp und 
dem Max-Planck-Institut fiir Eisenforschung, Report No. 
491: Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, Mar.- 
Apr., pp. 189-150). To establish the most favourable condi- 
tions for smelting titaniferous iron ore in the blast-furnace 
the ternary diagram for CaO-SiO,-TiO, slags was constructed, 
with special reference to showing the compositions in the 
liquid phase at 1550° C. Conditions preventing the segrega- 
tion of titanium carbide were also determined. The relation- 
ships between titania and silica reduction and slag basicity, 
titania content of the slag, and reaction temperature are 
examined, and finally the slight effect of titania on the de- 
sulphurization of pig iron with lime-silicate slags is dealt with. 

R. A. R. 


DIRECT PROCESSES 


Report of Committee of the Spanish Iron and Steel Institute 
on Manufacture of Sponge Iron by the Héganis and the 
Wiberg Processes. (Instituto del Hierro y del Acero, 1948, 
vol. 1, Oct.-Dec., pp. 21-24). [In Spanish]. The work of 
the Committee of the Spanish Iron and Steel Institute for the 
Study of Sponge Iron is outlined. The reactions in the Héganas 
process are discussed. The distribution of gases and the 
process of combustion in the Héganiis furnace are described. 
Advantages of the Héganias direct reduction process are : 
Any grade of finely crushed ore may be used ; no pretreat- 
ment, apart from drying, is required ; up to 96% reduction 
can be achieved ; the cheapest type of fuel can be used for 
reduction and heating. Disadvantages are: High first 
costs ; high labour requirements ; and necessity of using finely 
crushed ore. In the Wiberg process, ores of higher iron 
content are used and 96% reduction is achieved. 

An account is given of Spanish trials using a Ronda mag- 
netite (Fe 63-64%) and a Menera ore. Powdered anthracite 
was used.—R. S. 

Report on Direct Reduction of Iron Ore in the Modified 
Basset Rotating Furnace. J. Vazquez. (Instituto del Hierro y 
del Acero, 1949, vol. 2, Jan.-Mar., pp. 36-38). [In Spanish]. 
This report details impressions and data gathered during a 
recent visit of Spanish technicians to the works of Smidth 
in Aalborg, Denmark. Two furnaces were used, one of 60- 
ton, and one of 30-ton per day capacity. Basicity of the 
charge was 2:8. The charge usually consisted of 80°% of 
roasted pyrites containing 2% to 3% of sulphur, and 20% 
of minette ore (20% iron). Analysis of iron produced was : 
C 4-5%, Si0-2%, Mn 0-8%, P 0-15%, and S 0-010%.—k. s. 

Gaseous Reduction Methods for the Production of Sponge 
Iron.—E. P. Barrett. (United States Bureau of Mines, 1949, 
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Report of Investigations No. 4402). A general picture is 
given of the methods, proposed or tried within the past 100 
years, for producing sponge iron by treating hot ore with 
heated reducing gases. There is an extensive bibliography. 
R. A. R. 
Manufacture of Sponge Iron in Kilns. P. E. Cavanagh. 
(Journal of the Canadian Ceramic Society, 1948, vol. 17, p. 77 : 
British Ceramic Abstracts, 1948, Nov., p. 376A). For econo- 
mic reasons it may be profitable for a brick-making company 
to use part of its equipment for purposes other than those 
normally required. In this respect the author outlines the 
procedure for making sponge iron for use as ordinary melting 
stock. Standard brick-making machinery can be used with 
little additional equipment. 


PRODUCTION OF STEEL 


Some Observations Regarding Desulphurization in the 
Basic Open-Hearth Furnace. M. Tenenbaum. (American 
Institute of Mining and Metallurgical Engineers. Proceed- 
ings of the 3lst National Open Hearth Conference, Apr., 
1948, pp. 210-225). Factors affecting the distribution of 
sulphur between metal and slag in the open-hearth process 
are discussed. In the lower sulphur ranges sulphur is not 
eliminated from the bath until the CaO/SiO, ratio exceeds 
about 2. With higher sulphur the critical basicity appears 
to be somewhat lower. The elimination of sulphur is depend- 
ent on the time available after the critical basicity has been 
reached. If 1 hr. heat time is available after the slag has 
attained this basicity, the sulphur in the metal will drop 
about 0:005%, whereas if 3 hr. are available the drop 
will be about 0-013°.—R. A. R. 

Problems from Sulphur in the Open Hearth. L. KR. Berner. 
(American Institute of Mining and Metallurgical Engineers, 
Proceedings of the 3lst National Open Hearth Conference, 
Apr., 1948, pp. 232-235). The effect of sulphur in the fuel 
oil on the sulphur content of the steel produced in open- 
hearth furnaces is discussed. High-sulphur fuel oil had a 
marked effect in increasing the sulphur in the steel, and in 
145-ton furnaces approximately 28 min. more were re- 
quired to work down the sulphur to the required point and 
much more limestone had to be charged.—R. A. R. 

Effect of Raw Materials Available Now and in the Future 
on Control of Sulphur in the Open Hearth. H. E. Warren, 
jun. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the 3lst National Open Hearth 
Conference, Apr., 1948, pp. 236-244). Observations are 
made on the effects of sulphur in the fuel and the materials 
charged in open-hearth furnaces on the sulphur in the steel. 
The greatest amount of sulphur is picked up during the 
melt-down period. Melting shops with both coke-oven and 
natural gas available obtained the best results by melting 
down with natural gas and working the heat with coke-oven 
gas after the hot metal had been added.—n. A. R. 

The Use of Blown Metal in Open-Hearth Steelmaking. 
H. B. Emerick. (American Institute of Mining and Metal- 
lurgical Engineers, Proceedings of the 3lst National Open 
Hearth Conference, Apr., 1948, pp. 225-230). See Journ. 
I. and 8. I., 1948, vol. 160, Sept., p. 103. 

Some Conceptions Regarding the Physical-Chemical 
Mechanisms of the Acid Open-Hearth Process. ©. E. 
Wenninger. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the 3lst National Open Hearth 
Conference, Apr., 1948, pp. 279-298). A number of physical 
and chemical relationships are developed and linked together 
to depict the mechanisms underlying the difference between 
the extremes of acid open-hearth refining practice. The 
picture of these mechanisms makes it possible to understand 
how a surplus of either free SiO, or free FeO can be concen- 
trated within the centre area of an acid slag to promote 
oxidation of carbon with either SiO, or FeO. 

An overall working hypothesis for the physicochemical 
mechanisms of the acid open-hearth process is also pre- 
sented.—R. A. R. 

The Relation of Acid Open-Hearth Furnace Efficiency to 
Practice. G. R. Fitterer, J. G. Bassett, and J. B. Kopec. 
(Acid Open Hearth Research Association : American Insti- 
tute of Mining and Metallurgical Engineers, Proceedings of 
the National Open Hearth Conference, Apr., 1948, pp. 307- 
319). A convenient ‘efficiency factor’ for open-hearth opera- 
tion has been established. It requires knowledge of the fuel 
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rate at two periods, when charging commences, and when the 
bath temperature reaches 2900° F. The theoretical amount 
of heat required to raise 1 ton of iron from room temperature 
to 2900° F. is 1,277,264 B.Th.U. The efficiency factor is 


1,277,264 x 100 
B.Th.U./ton to reach 2900° F. 


The use of this factor to improve furnace operation is 
shown with examples. In one case a fall in this value was 
found to be associated with charging ore when the bath 
temperature was not high enough.—R. A. R. 

Dimensions, Operation Conditions, and Performances of 
6-Ton to 30-Ton Electric Arc Furnaces. H. Kral. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 
22). Data concerning 20 furnaces are critically examined 
with regard to dimensions, operation, and performance. The 
commonest capacity is 10-20 tons, but the 30-40 ton group is 
increasing. The nominal capacities are in practice increased 
by 10-25%. The furnace transformers are generally con- 
nected to 25,000-V. mains. The melting voltages rise from, 
say, 170 to 240 and the refining voltage is 100. Chokes are 
employed. Graphical data are given on hearth area, wall 
thickness and their materials. Questions of charging, 
furnace, motion, etc., are discussed. The standard cold 
charge is 20% turnings and 44% heavy scrap. Types of 
electrodes, electrode consumption and positioning are 
described with data. The energy consumption for melting 
seems independent of capacity and ranges between 400 and 
500 kW. The problem of electrodes is not yet solved. Small 
furnaces will be retained in foundries, but furnace capacities 
will increase in steelworks: 6-10 tons for highly alloyed 
steels, 5-20 tons for tool steels, 30 tons for low alloy and 
constructional steels. The 40-ton furnace has a future in the 
application of the Duplex process.—«c. w. A. 

The Manufacture of Electric Steel in Great Britain. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, May, pp. 57- 
78). In this paper by the Electric Process Sub-Committee 
of the Steelmaking Division of the British Iron and Steel 
Research Association, British electric are furnace practice is 
outlined briefly, and complete tabulated data are included for 
30 are furnaces. Practice in one arc furnace shop and in one 
induction furnace shop is considered in more detail, and refer- 
ence is made to the use of are furnaces in foundries. 

The processes which have been used for making rimming 
and balanced mild steel in the electric arc furnace are 
described, although these classes of steel are not as yet made 
to any extent in arc furnaces in Great Britain. Among the 
possible future developments in British electric steelmaking 
practice, mention is made of the use of oxygen. 

Progress in the Electric Furnace during the Year 1948. 
W.J. Reagan. (Blast Furnace and Steel Plant, 1949, vol. 37, 
Jan., pp. 74-76). The present demand, and prices, for steel 
make the operation of even small electric furnaces profitable. 
The author considers that with a greater use of oxygen both 
for melting and decarburization, it may be possible to increase 
production and reduce cost, through a more rapid hourly 
rate of production, to a point where the electric furnace can 
compete with the open-hearth furnace in circumstances less 
favourable than the present.—sJ. P. s. 

Production of Tool Steels. G. A. Roberts and C. F. Sawyer. 
(Steel, 1949, vol. 164, Feb. 28, pp. 102, 105-111; Mar. 4, 
pp. 118-124). The manufacture of tool steels in the electric 
are and induction furnaces is described; in the former, 
‘dead melt’ practice is applied, in which up to 45% scrap 
of the final composition required is used, the remainder being 
ferro-alloys and low carbon scrap. During the refining 
period the slag is converted from oxidizing to reducing by 
additions of calcium carbide, graphite, and burnt lime. 
Alloying elements to correct the analysis are then added, 
together with final deoxidizers, such as ferrosilicon. In 
induction melting, scrap and ferro-alloys alone are used, and 
there is no slag control, as little slag is formed. Big-end-up 
moulds are invariably used, and may be of the plug-bottom, 
open-bottom, or split types. The size of mould will vary with 
the analysis of the product and the size of the product to be 
made from the ingot. After stripping, ingots are either 
charged directly into heating furnaces or soaking pits, or 
buried in ashes, fullers’ earth, or lime for slow cooling to avoid 
cracking. Ingots are either rolled down to billet size in a 
blooming mill, or cogged in a press or under a steam hammer : 
cogging is almost universally employed on high alloy steels to 
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break down the carbide network. After inspection, the 
billets are rolled to finished bars, slowly cooled, annealed 
to produce a spheroidized structure, and inspected by 
magnetic-powder methods and the deep-etching of sections, 
The manufacture of sheet, disc, and ring forgings from the 
billet, and the drawing of bar for drill rod are also described. 

J. P. 8. 

Sulphur in the Basic Electric-Arc Furnace. Examination of 
Conditions Controlling Its Removal. J. M. Mowat. (Iron 
and Coal Trades Review, 1949, vol. 158, Mar. 25, pp. 623-630). 
The author attempts to reach an understanding of the condi- 
tions controlling desulphurization in the electric furnace, both 
by reference to the theories of Schenck and others, and by a 
study of the experimental work done in the last few years, 
with particular reference to the fundamental experiments of 
Grant and Chipman. The importance of establishing the 
maximum (§8)/[S] ratio at the melting stage by melting out 
with highest possible slag basicity is discussed. Conditions for 
good desulphurization in the finishing slag are suggested as 
high basicity and the minimum possible ferrous oxide, which 
should be well under 3%. The distribution of sulphur by 
weight has been examined for rimming steels, and it is shown 
that there is practically no alteration in total sulphur between 
the melted and the pre-addition stage, while it is calculated 
that approximately three times as much sulphur by weight 
is removed by the oxidizing slag as by the reducing slag. 

The Séderberg Electrode System. H. Christiansen, jun., 
and B. Ydstie. (Journal of The Iron and Steel Institute, 
1949, vol. 162, May, pp. 98-100). The World capacity of 
furnaces employing the Séderberg electrode system has 
increased rapidly during the last twenty years. The 
Soderberg electrode is continuous and self-baking, and its 
application in smelting furnaces, steel furnaces, and alumin- 
ium furnaces, is described. The method of manufacture of the 
electrode paste is outlined, and it is pointed out that the purest 
materials are required for electrodes for use in steel and 
aluminium furnaces. In smelting furnaces, the Séderberg 
electrode system has given good service, and has a number of 
important advantages over other types of electrode. Exten- 
sive tests are being carried out to perfect the performance of 
the electrodes in steel furnaces. A new type of electrode system, 
employing vertical contact stubs, has simplified the operation 
of aluminium furnaces, and has made possible a high degree 
of mechanization. Furnaces using this system are com- 
pletely closed. Fluorine and SO, are removed from the 
furnace gases and their adverse effects are entirely eliminated. 

Mains Interference Caused by Arc Furnaces. F. Walter. 
(Elektrotechnik, 1948, vol. 2, Aug., pp. 217-220: Electrical 
Engineering Abstracts, 1949, vol. 51, Feb., p. 51). Interfer- 
ence caused by arc furnaces as employed in the steel industry 
becomes critical when the voltage variations induced in the 
mains exceed 0-5% of the standard mains voltage, particu- 
larly if the fluctuations are of 3-7 cycles/sec. frequency. <A 
detailed analysis seems to prove that the ratio s.c. current /rated 
current, and hence the power factor should be as low as practic- 
able. Increasing the reactance between the furnace and the 
supply minimizes the effect on the latter. Complete isolation is 
afforded by the use of converters. The balancing of 3-phase 
system is rendered almost impossible owing to mutual 
inductance between phases. 

Basic Open-Hearth Slags—Mineralogy and Control. K. L. 
Fetters. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the 3lst National Open Hearth 
Conference, Apr., 1948, pp. 190-202). The composition. 
maturity, mineralogy, and petrography of basic open-hearth 
slags are discussed and the characteristics of slags with 
V-ratios [V = CaO/(SO, + P,O,)] of < 1:6, 1-6 to 265 
and > 2-5 are described and their significance in economic 
steel production is pointed out.—Rr. A. R. 

Sequence of Slag-Forming Minerals in a Heat. J. 8. 
Griffith. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the 3lst National Open Hearth 
Conference, Apr., 1948, pp. 202-205). The changes in the 
composition of slag after adding hot metal to the open-hearth 
furnace in ‘non-flushing’ and ‘flushing’ practice are 
compared with special reference to the formation of glauco- 
chroite and dicalcium silicate.—R. A. R. 

Slag Control—Where Do We Go From Here? W. 0. 
Philbrook. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the 3lst National Open Hearth 
Conference, Apr., 1948, pp. 205-209). The author reviews 
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the position that has been reached in methods of controlling 
open-hearth slags and discusses future possibilities of 
improvements in the determination of slag basicity and other 
properties. —R. A. R. 

Electrochemical Study of Liquid Slags. Y. Matsushita and 
K. Tasaka. (Centre de Documentation Sidérurgique, 1949, 
Traduction No. 591). This is a French translation of a paper 
which appeared in Tetsu to Hagane, 1947, vol. 33, Jan.—Mar., 
pp. 2-5. In order to obtain quantitative data on the nature 
of simple or complex ions present in metallurgical slags, the 


authors have carried out research work on the conductivity , 


and dissociation potential of some synthetic slags: they have 
also briefly examined the deposits which have appeared on 
the electrodes during electrolysis. Details are given of the 
method of conducting the work and of the data obtained. 
F505 Bi 

Highlights of German Iron and Steel Production Techno- 
logy. P. M. Tyler. (British Intelligence Objectives Sub- 
Commitee, 1946, F.I.A.T. Final Report No. 755: H.M. 
Stationery Office). The process metallurgy of the German 
iron and steel industry during the second world war is 
reviewed on the basis of interviews with German officials 
and metallurgists, visits to selected plants, and a partial 
review of reports of other investigators. The report is in 
sections covering the economic background, pig iron manu- 
facture, raw steel reap the alloy steel situation, and 
miscellaneous practices.—R. R. 

Metallurgy of the Basic-Bassemer Process.: A Review of 
German Research 1939-1945. W. J. Geller. (Iron and Coal 
Trades Review, 1949, vol. 158, ‘a 8 pp. 739-744, 746). 
Among the topics discussed are physico-chemical research, 
the metallurgy of the basic-Bessemer process, and the im- 
provement in quality of steels produced by this process. 
A bibliography of 43 references is appended.—.s. c. R. 

Iron and Steel Works Practice in Germany. A. Jackson. 
(Lincolnshire Iron and Steel Institute : Iron and Coal Trades 
Review, 1949, vol. 158, Apr. 1, pp. 675-681). An account 
is given of current iron and steelmaking practice in 
Germany, with particular reference to the basic-Bessemer 
open-hearth duplex process, open-hearth furnaces, all-basic 
furnaces, and fuel consumption and instrumentation of open- 
hearth furnaces.—s. C. R. 

A Process for the Rapid Desulphurization of Open-Hearth 
Steel. A Gimenez y Sanmartin. (Dyna, 1949, vol. 24, Apr., 
pp. 117-121). [In Spanish]. Steel without slag from the 
open-hearth furnace is mixed with slag previously made in 
the electric furnace and placed in the ladle. Analyses before 
and after the operation are given and show regular and 
constant desulphurization. The quality of steel made is 
undoubtedly superior to normal open-hearth steel. The 
author deals with the selection of the most suitable type of 
slag for mixing and its manufacture. Slag was made in a 
6-ton basic Heroult furnace and steel in a 25-ton fixed basic 
furnace of the Maerz type. The process has possibilities 
where an electric furnace or other plant to make the slag is 
available in the vicinity of an open-hearth furnace. It has 
special possibilities in Spain which is suffering from a dearth 
of high-grade raw materials. The author thinks it would be 
interesting to find a process based on prefabricated solid slag. 

; B.'s. 

Desulfurizing Hot Metal. E. P. Best. (Iron Age, 1949, 
vol. 163, May 12, p. 83). It is claimed that conventional 
ladle desulphurization does not give adequate mixing. A 
process evolved at A. M. Byers Co., Pittsburgh, uses sodium 
hydroxide which is added to the molten iron as it flows into 
the ladle ; as soon as the molten hydroxide has settled down 
to a foam-free slag, the ladle contents are poured into a 
second ladle, adequate mixing taking place in the process. 
The second ladle is hooded, so that the metal can be poured 
off from under the slag, which may be used again. The 
elimination of 92-94° of the sulphur is claimed.—1. P. s. 

Production of Manganese Steel in Basic Electric Furnaces 
and its Properties. J. Ramalho. (Boletim da Associacao 
Brasileira de Metais, 1948, vol. 4, July, pp. 293-299). 

Electric Steel in the United States at Forty-One. ©. G. 
Merritt. (Transactions of the Electrochemical Society, 1947, 
vol. 91, pp. 147-154). Electric furnaces have been used for 
steelmaking in the U.S.A. for 41 years. See Journ. I and S.1., 
1947, vol. 156, Aug., p. 573. 

Electric Apparatus for Three-Phase Arc-Furnaces. N. R. 
Stansel and A. R. Oltrogge. (Transactions of the Electro- 
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chemical Society, 1947, vol. 91, by 191-202). See Journ. 
I. and S.I., 1947, vol. 157, Nov., 467. 

Specially Processed Silicon Carbide as a Deoxidizing Agent 
in the Reducing Slag of Basic Electric Steelmaking. E. A. 
Loria, H. D. Shephard, and A. P. Thompson. (Transactions 
of the Electrochemical Society, 1947, vol. 91, pp. 155-166). 
See Journ. I. and §.1., 1947, vol. 156, Aug., p. 573. 

Distributions of Non-Metallic Inclusions in Some Killed Alloy 
Steel Ingots. K. L. Fetters, M. M. Helzel and J. W. Spretnak. 
(Transactions of the American Society for Metals, 1949, vol. 
41, pp. 303-327). See Journ. I. and 8.1., 1949, vol. 161, 
Feb., p. 151. 

Some Factors Affecting Subsurface Defects in Large Forging 
Steel Ingots. E. A. Loria and H. D. Shephard. (Transactions 
of the American Society for Metals, 1949, vol. 41, pp. 328- 
364). See Journ. I. and 8.1., 1949, vol. 161, Feb., p. 151. 

Density Variations in Some Killed Steel Ingots. ©. F. 
Sawyer and J. W. Spretnak. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 365-374). See Journ. 
I. and S.L., 1949, vol. 161, Feb., p. 151. 


FOUNDRY PRACTICE 


Foundry Techniques are Challenge to Patternmaker. 
F.C. Cech. (Foundry, 1949, vol. 77, Apr., pp. 78-81, 226). 

The Problem of Removing Risers from Castings. J. 
Mackievic. (Centre de Documentation Sidérurgique, 1948, 
ES gee No. 575; Circulaire d’Informations Techniques, 
1948, vol. 5, Dec. 25, pp. 495-503). This is a translation into 
French rte Czech of a paper which originally appeared in 
Hutnické Listy, 1946, vol. 1, No. 6, pp. 121-129. (See 
Journ. I. and S.I., 1948, vol. 158, Feb., p. 268). 

Core Drying. F. Bird and J. Pound. (Metal Industry, 
1949, vol. 74, Feb. 4, pp. 83-85). The high-frequency heating 
of sand cores bound with synthetic resin is discussed and 
strength data are presented for some silica sand cores bound 
with Resolite 202 and Resolite 288 (urea formaldehyde 
synthetic resins). Compression strengths of the order of 
1000 lb./sq. in. were consistently obtained after a curing 
period of 2 min. Power consumption and efficiency of high- 
frequency apparatus when curing cores containing different 
amounts of moisture are considered, with examples of the 
relative calculations.—R. A. R. 

Core Drying. J. Kiipper. (Neue Giesserei, 1949, vol. 36, 
Mar., pp. 78-85). The behaviour of cores during the drying 
process is described, and the advantages and disadvantages 
of drying in stoves, by infra-red rays, and by high-frequency 
current as well as the design of horizontal, vertical, batch, and 
continuous stoves are discussed.—R. A. R. 

Precision Casting. H. Whittaker. (Machinery, 1949, 
vol. 74, Apr. 21, pp. 514-516). The principles and applic: ations 
of precision investment casting are described.—R. F. F. 

Investment Casting. RK. B. Gordon. (Machine Design, 
1949, vol. 21, Mar., pp. 139-140). The advantages of 
producing switchgear levers of 12°, chromium steel by the 
investment casting or lost-wax process are outlined, with 
particulars of the small changes in design which the process 
required.—R. A. R. 

Some Reflections on the Investment Casting Process. 
D. F. B. Tedds. (Institute of ees Foundrymen : 
Foundry Trade Journal, 1949, vol. 86, Mar. 31, pp. 279-282 ; 
Apr. 7, pp. 315-317). A survey is a of the present 
position of the investment casting process and the materials 
used. Factors to be considered include the following : (1) Soft 
metal dies are ideal for development work, but machined dies 
are desirable for quantity production and accuracy ; (2) wax 
is the most adaptable material for expendable patterns, but 
it must be used in a temperature-controlled room ; (3) high- 
pressure injection is necessary on a number of components, 
but it requires close temperature control of the pattern 
material and controlled speed of injection; (4) a sprayed 
primary coating is preferable to a dip coating for a good 
surface finish; (5) vibrating is necessary to consolidate 
refractory material around the wax pattern and remove 
occluded air from the mould; (6) the induction melting 
furnace used in conjunction with a centrifugal casting 
machine offers the closest metallurgical control over composi- 
tion of the metal. The indirect-arc melting furnace adapted 
for direct air pressure casting is ideal as a jobbing unit for 
various sized moulds.—4J. Cc. R. 
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Precision Investment Casting and Its Future. D. F. B. 
Tedds. (Proceedings of the Institute of British Foundry- 
men, 1947-48, vol. 51, pp. B59-B66). A detailed account is 
given of the process of precision investment casting and the 
equipment used.—R. A. R. 


Casting Production Costs Reduced by Materials Handling 
Ingenuities. H. L. McClees. (Steel, 1949, vol. 124, Mar. 7, 
pp. 112-114). The use of electric fork trucks in conjunction 
with special cast steel baskets has saved much time and 
labour in cleaning and heat-treating operations in a steel 
foundry. Monorails and mechanical hoists have been equally 
effective in the casting shop itself.—J. P. s. 


Mechanized Foundry Reduces Manual Handling 80 per cent. 
W. G. Gude. (Foundry, 1949, vol. 77, Apr., pp. 88-93, 
232--233). An illustrated description is given of the grey 
iron foundry of Westinghouse Electric Corp. at East Spring- 
field, Mass., which has a daily capacity of 60,000 Ib. of 
castings.—J. C. R. 

Handling Materials in the Molding Department. Rk. H. 
Herrmann. (Foundry, 1949, vol. 77, Mar., pp. 84-89, 238, 
240, 242). An illustrated description is given of modern 
equipment for handling materials in the foundry.—s. c. R. 

Time and Motion Study in the Foundry. W. A. Turner 
and A. K. Jeffrey. (Institute of British Foundrymen : 
Foundry Trade Journal, 1949, vol. 86, Mar. 3, pp. 177-182). 
The authors discuss the application of motion study and 
economy to foundry layout and planning, and to production 
processes. The applications of time study in the foundry 
are also outlined.—J. c. R. 

Muskegon Points Way in Training Young Foundrymen. 
W. G. Gude. (Foundry, 1949, vol. 77, Mar., pp. 80-82, 118, 
120, 123). Details are given of the training of young foundry- 
men at a school in Muskegon, Mich., U.S.A., where a 
completely rehabilitated foundry was presented to the 
education authority by local foundry companies.—s. c. R. 

Maintaining Carbon-Silicon Ranges in Cupola Melting. 
(American Foundryman, 1948, vol. 14, Oct., pp. 58-59). 
An accountis given of variations made in cupola operation 
so that, when the molten metal was poured, the carbon 
content was in the narrower 3-45-3-55% range (instead 
of 3-13-3-59%), and the silicon content in the 2-05-— 
2-15% range (instead of 1-88-2-73%). The silicon content 
was first decreased and this increased the carbon absorption. 
If the silicon content became too low it could be adjusted 
by ladle additions—J. c. R. 

Using Structure Diagrams in Gray Iron Foundries. S. H. 
Torreson. (American Foundryman, 1948, vol. 14, Nov., 
pp. 40-47). A review is presented of the Maurer, Greiner- 
Klingenstein, Uhlitzsch-Weichelt, and Osann diagrams which 
relate the composition of cast iron to its structure. The use 
of these diagrams in foundry practice is explained.—R. A. R. 

Automatic Air-Weight Regulation for Cupolas. ©. G. 
Dalhuysen. (Metalen, 1949, vol. 3, Jan., pp. 107-110). [In 
Dutch]. A description is given of automatic equipment for 
indicating and controlling the weight of air passing from 
the blower to the tuyeres of a cupola. It is placed on the 
marked by the Foxboro Co., in the U.S.A.—Rr. a. R. 

Intermittent Oxygen Enrichment of the Cupola Blast. 
E. N. Harrison and J. A. Wagner. (Iron Age, 1949, vol. 163, 
May 12, p. 96). It has been found very useful, in a jobbing 
foundry producing thin-walled grey-iron castings, to inject 
oxygen up to 4% enrichment whenever it is necessary to 
increase the iron temperature ; a 3 to 5 min. period is found 
sufficient. Cylinder oxygen was injected into the blast 
pipe. This intermittent injection helps to prevent bridging, 
but does not remove it once it has started. It is stated that 
oxygen is more effective in producing hot iron and preventing 
bridging when a positive displacement blower is used than 
when a fan blower is employed.—s. P. s. 

Increasing Casting Yields. Steel Foundry Uses Exothermic 
Pipe Eliminator. P. von Colditz. (American Foundryman, 
1948, vol. 14, Nov., pp. 38-51). Thermit eliminator is a 
compound of finely divided aluminium and iron oxide together 
with other ingredients capable of forming additional steel. 
Its chemical and physical properties must approximate to 
those of the steel being poured, as some steel formed by the 
eliminator may become part of the casting. The eliminator 
is used to cover the open end of the riser, preventing it from 
freezing at the air—metal interface and allowing the atmos- 
pherie pressure to act on the riser during the feeding of the 
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casting. Its exothermic nature ensures the necessary heat 
for proper directional solidification of the casting, allows a 
reduction in riser size, and increases the yield. Operational 

practice with the eliminator is described.—s. c. R. 
Steelmaking at a British Foundry. N. F. Dufty. (Foundry, 
1949, vol. 77, Feb., pp. 72-73, 256, 258-262; Mar., pp. 83, 
248-250, 252). A detailed account is given of steelmaking 
practice at K. and L. Steelfounders and Engineers, Letch- 
worth. The first part discusses basic-lined furnace operation, 
and the second part acid-lined electric arc furnace operation. 
TC, Be: 


Acid Electric Steel for Castings. S. F. Carter and C. K. 
Donoho. (Transactions of the Electrochemical Society, 
1947, vol. 91, pp. 167-190). See Journ. I. and S. I., 1947, 
vol. 157, Sept., p. 143. 

Report of the Committee on Mouding Sands to the Spanish 
Iron and Steel Institute. (Instituto del Hierro y del Acero, 
1948, vol. 1, Oct.—Dec., pp. 33-34). [In Spanish]. No tests 
have been made on foundry sands in Spain, but some 
preliminary trials have been carried out on a testing plant 
from Switzerland with a view to providing data on which to 
base discussion. A plea was made to members to place at 
the disposal of the Institute such plant as was available to 
carry out mechanical tests and permeability tests on clays. 
The importance of such test data was stressed and a plea 
for, and an offer of, co-operation were made.—Rk. Ss. 

Controlling Malleable Sand Properties. R. P. Schauss. 
(American Foundryman, 1948, vol. 14, Nov., pp. 52-54). 
A short account is given of the preparation of sands used in 
the malleable iron foundry and core room.—J. C. R. 


Effect of Varying Particle Size Distribution on Green Per- 
meability and Strength of a Natural Molding Sand. Mary T. 
Zemantowsky and A. I. Krynitsky. (Foundry, 1949, vol. 77. 
Feb., pp. 66-71, 272-273). This investigation was initiated 
to determine the effect of particle size distribution on the 
green permeability and strength of a naturally bonded 
moulding sand. Albany sand was used as the basic material 
and test mixtures were prepared by making separate additions 
(10°%, 20%, and 40°) of each of three selected sieve fractions 
of washed silica sand (Nos. 50, 100, and 200). For individual 
additions of the sieve fractions the green permeability was 
increased and the green strength was reduced, the amount ot 
change being roughly proportional to the amount added 
In all cases, these additions caused a decrease of the per 
centages of sub-sieve particles and an increase of distribution 
indices (implying retention of the highest total percentages 
of sand on five adjacent sieves). In all instances, as the 
content of sub-sieve particles decreased and the distribution 
indices increased, the green permeability values increased 
and the green strength values decreased. The mixtures 
containing No. 100 additions had the highest distribution 
indices and the lowest percentages of sub-sieve particles. 
Correspondingly the green permeability of these mixtures was 
the highest and the green strength was generally the lowest 
as compared with other mixtures investigated. 

Gray Iron Foundry Develops Resin Core Mixtures. T. W. 
Curry and H. E. Henderson. (American Foundryman, 1948, 
vol. 14, Oct., pp. 40-49). Conclusions reached by grey-iron 
foundries investigating resin cores are summarized as: (1) The 
application of resin-bonded cores is dependent upon the 
elimination of sticking characteristics ; (2) the best solution 
to prevent sticking is a soap solution; (3) all experimental 
procedure pointed toward a resin content of 0-5%% as being 
the best for hardness, strength, lack of stocking, ability to 
blow, and good workability ; (4) the surface of a green core 
may be fogged with water, or glutrin-water vapour, to 
develop a harder core surface and promote migration of 
resin to the surface ; (5) the green and baked properties of 
resin core mixtures are affected by both the type of mixer 
and the mixing procedure; (6) core collapsibility varies 
with the type of resin used, but generally a resin core mixture 
has better collapsibility than an oil core mixture ; (7) resin 
core mixtures generally require at least 4% moisture for 
maximum strength; and (8) liquid resins deteriorate with 
age. An account is given of a procedure for evaluating any 
new resin that may be developed. Operational experiences 
with resin core mixtures are described.—s. Cc. R. 

Select Mold and Core Wash to Meet Casting Conditions. 
J. A. Ridderhof. (American Foundryman, 1948, vol. 14, 
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Nov., pp. 55-58). The author reviews factors affecting the 
choice and efficiency of mould and core washes.—4J. C. R. 

Reducing Casting Costs via the Pattern Shop. E. J. McAfee. 
(American Foundryman, 1948, vol. 14, Oct., pp. 55-57). 
Factors that influence the cost of patterns and enhance their 
quality and production are reviewed.—J. C. R. 

Large Scale Production of Small, Intricate Castings. R. H. 
Herrmann. (Foundry, 1949, vol. 77, Feb., pp 80-83, 172, 
174-175, 178-179). An illustrated desc ription is given of the 
plant and practice at the Cleveland works of Precision 
Metalsmiths Inc., where small intricate castings in alloy steel 
and non-ferrous metals and alloys are produced on a large 
scale by the precision investment method.—4J. c. R. 

Precision Casting. B. Vlasblom. (Metalen, 1949, vol. 5, 
Feb., pp. 130-132). [In Dutch]. 

Steel Die-Castings Produced Successfully. R. B. Stanton. 
(Machinist, 1949, vol. 93, Apr. 30, pp. 28-29). A commercial 
method of die-casting steel products is described. The special 
equipment required, which is described, includes a coreless 
induction furnace, and an injection press which is fed by 
tilting the furnace. The injection cylinder is lined with 
tungsten carbide or high-chromium steel which can withstand 
enough preheating to maintain the steel fluid. The injection 
dies are of drop-forged steels, lubricated with silicone lubri- 
cants to prevent premature die-burning. Articles up to 
15 Ib. in weight have been successfully die-cast in steel. 

R. F. F. 

Cause and Cure of Inverse Chill and Hard Spots in Cast Iron. 
C. A. Zapffe and R. L. Phoebus. (Transactions of the Ameri- 
can Society for Metals, 1949, vol. 41, pp. 259-302). See Journ. 
I. and 8S. I., 1949, vol. 161, Apr., p. 377. 

Mechanization Triples Foundry Capacity. R. W. Anderson. 
(Foundry, 1949, vol. 77, Jan., pp. 70-73). An illustrated 
description is given of the foundry plant of the National 
Sewing Machine Co., Belvidere, Ill., U.S.A., which produces 
small castings for the company’s own sewing machines, 
machines of other manufacture, and job castings for outside 
consumers, and has a capacity of 45 tons for an 8-hr. shift. 

J.C. BR. 

Research at American Steel Foundries. E. Bremer. 
(Foundry, 1949, vol. 77, Jan., 94-97, 174, 176, 178). An 
illustrated description is given of the research laboratories of 
American Steel Foundries, Chicago, with notes on metallurgi- 
cal and foundry research projects that are under considera- 
tion.-—J. C. R. 


HEAT-TREATMENT AND HEAT-TREATMENT 
FURNACES 


A Simple Laboratory Test to Determine Data Necessary for 
the Production Heat-Treatment Process. J. Mowat and 
J. Sloan. (Journal of the West of Scotland Iron and Steel 
Institute, 1947-48, vol. 55, pp. 141-175). See Journ. I. 
and S. I., 1948, vol. 160, Sept., p. 116. 

Cyanide Heat Treatment Gives Wear Resistance to Cast 
Parts. Z. T. Crittenden. (Foundry, 1949, vol. 77, Mar., 
pp. 148, 150). A brief illustrated description is given of a 
method for ensuring a hardness of Rockwell C40 on the teeth 
of camshaft sprocket gears. After casting, the gear blanks 
are normalized at 1650° F. and machined. They are heated 
in cyanide salt for 35 min. at 1600° F., quenched in oil and 
reheated in a furnace at 500° F. for 1 hr. to bring Rockwell 
hardness within the 45-50 range. The resultant cyanide 
case depth is 0-003—0-005 in., which is considered ample for 
ensuring good wearing qualities but _ enough to cause 
internal stresses within the casting.—4J. Cc. R. 

Controlled Heat Treatment Seeasnaes Wear Resistance of 
Worm Gearing. (Product Engineering, 1949, vol. 20, Mar., 
p. 132). Heavy-duty worm gears up to 6 ft. in dia, have been 
made of Meehanite cast iron, hardened, tempered, and ground 
to a mirror finish, and have shown excellent wear-resistance. 

RB. Ac Rs 

Carbon Correction for Steel Bars. J.D. Armour. (Steel, 
1949, vol. 124, Mar. 7, pp. 106-109, 144). The restoration of 
the carbon content in the decarburized surface layer of 
annealed steel bars is carried out in radiant-tube-heated 
car-bottom furnaces, in an atmosphere of nitrogen or cracked 
ammonia containing 3-5% natural gas. As a result of this 
treatment, later machining does not involve the removal of a 
decarburized skin, and time and material are thereby saved. 

Fi Pe Bi 
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Heat Treatment of Tool and Die Steels. P. Payson. 
(Machinery, 1949, vol. 74, Mar. 24, pp. 368-371). The effects 
of heat-treatment and alloying elements on the properties 
and structure of tool steels are described.—nr. F. F. 

Modern Equipment for a Tool-Hardening Shop. 0O. 
Pattermann. (Schweizer Archiv, 1948, vol. 14, Aug., pp. 229- 
234). Data on the reduced life of lathe and other tools 
caused by faults in heat-treatment are presented and the 
equipment and layout of modern heat-treatment shops are 
discussed.—-R. A. R. 

‘Tools and Dies Bright Hardened and Brazed in New One- 
Step Process. S. Damon and A. L. Pranses. (Materials and 
Methods, 1949, vol. 29, Feb., pp. 58-61). A description is 
given of a muffle furnace with an atmosphere of dissociated 
ammonia, in which tools and dies can be bright-hardened. 
When the too! or die consists of one or more parts to be brazed 
together, this can be done at the same time as the hardening 
by using a copper-silver-tin brazing alloy.—Rr. A. R. 

ee Heating of Steel Strip for Continuous Processing. 

R. Ryan and F. E. Ackley. (Yearly Proceedings of the 
pots iation of Iron and Steel Engineers, 1948, pp. 540-554). 
See Journ. I. and S. I., 1949, vol. 161, Jan., p. 63. 

The Low-Temperature Treatment of Tool Steels. A. 
Bargone. ( Tecnica Italiana, Rivista d’Ingegneria e Scienze, 
1947, No. 2, Reprint). [In Italian]. 

Induction Heating for Metal Treatment. H. B. Osborn. 
(Iron and Coal Trades Review, 1949, vol. 158, Feb. 25, 
pp. 407-408). A brief survey is given of the principles, 
development and applications of induction heat-treatment, 
with notes on different types of generators in use.—J. C. R. 

How to Select Induction Heating Equipment. F. T. 
Chesnut. (Steel, 1949, vol. 124, Mar. 21, pp. 109-116). 
Types of generator for high-frequency induction heating and 
melting are described, and the appropriate equipment for a 
large variety of heating operations is tabulated.—J. P. s. 

Installation of Induction Controls for Industrial Furnaces. 
A. Brunn. (Bulletin Oerlikon, 1946, May-June, pp. 1713- 
1716). 

The Surface Treatment of Metals by High Frequency 
Induction Heating. (Pratique des Industries Mécaniques, 
1948, vol. 31, Aug., pp. 255-258). 

Induction-Hardening Dredger Chain Pins. G. Seulen and 
H. Voss. (Werkstatt und Betrieb, 1949, vol. 82, Feb., 
pp. 91-93). Results obtained by the induction-hardening 
of dredger chain pins are described and the advantages of 
the process discussed.—nR. A. R. 

Induction Hardening Automobile Parts. W. J. Harris. 
(Steel, 1949, vol. 164, Feb. 7, pp. 90-91, 128, 130). The 
induction-heating and quenching of various automobile parts, 
such as clutch fingers, starter ring gears and steering-arm 
knuckles at the South Bend Works of the Studebaker 
Corporation is described.—4J. P. s. 

Induction Hardening Increases Wear Life of Cast Iron Parts. 
H. R. Clauser. (Materials and Methods, 1949, vol. 29, Feb., 
pp. 48-52). Illustrated descriptions are given of parts made 
of Meehanite and other special cast irons, the wearing surfaces 
of which have been induction-hardened.—R. A. R. 

es in the Construction of Industrial Electric Furnaces. 
K. A. Lohausen. (Elektrotechnik und Maschinenbau, 1947, 
vol. 59, Aug. 29, pp. 407-416). 

The Design and Operation of Annealing Plant for Mild- 
Steel Sheets and Coils. R. D. Pollard, H. Edwards, J. F. R. 
Jones, and J. Bromley Davis. Part I—Metallurgical 
Aspects of Annealing. R. D. Pollard. Part If—Develop- 
ments in Annealing Equipment and Practice. H. Edwards 
and J. F. R. Jones. Part II—-The Annealing of Mild-Steel 
Coils. J. Bromley Davis. (Journal of The Iron and Steel 
Institute, 1949, vol. 162, May, pp. 79-97). Part I deals with 
metallurgical considerations of the annealing of mild-steel 
sheets and coils. The general principles of annealing are 
outlined, and such terms as stretcher strains, grain growth, 
strain ageing, quench ageing, and earing, are explained. 
In Part If particular attention is given to modern develop- 
ments in equipment and practice, as applied to the annealing 
of mild-steel sheets. A new semi-direct-fired radiant-tube 
furnace is described, and the influence on annealing practice 
of such factors as rolling oils, atmosphere gas, and metal 
surfaces, is discussed. Part III is devoted to the annealing 
of mild-steel coils in gas-fired and electric-pot furnaces and 
portable-cover furnaces, with various modifications such as 
forced circulation and convectors. The practical and 
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economic factors affecting the selection of a furnace for a 
given purpose are considered. 

Fundamentals of Annealing Low Carbon Steel, Part II. 
G. Sachs, L. J. Ebert, A. W. Dana, and M. H. Jones. (Pro- 
ceedings of the Association of Iron and Steel Engineers, 1948, 
pp. 100-102). See Journ. I. and §.I., 1948, vol. 159, June, 
p. 229. 

Rotary Heat Treating Method. W. H. Holcroft and E. C. 
Bayer. (Steel, 1949, vol. 124, May 2, pp. 87-88, 137). A 
small rotary-hearth furnace, suitable for carbo-nitriding, deep 
gas-carburizing or clean hardening, according to the atmo- 
sphere used, 1s described. Heating is by gas or electric 
radiant tubes, and the cycle of operations, which includes 
loading, heat-treating, quenching, and washing, can be 
adapted for batch or continuous work.—4J. P. s. 


Continuous Flame Hardening Speeds Chain Production. 
(Industrial Heating 1949, vol. 16, Jan., pp. 48-52, 56). A 
description is given of the continuous gas-fired hardened and 
tempering furnaces for heat-treating open-link chain made 
by Chains, Inc., Dollton, Ill., and used on agricultural ma- 
chinery. The furnace chambers are 8 in. wide and 12 ft. 
high, and take three strands of chain at a time.—R. A. R. 


The Cold Treatment of Steel. E. G. Thurlby. (Journal 
of the Institution of Production Engineers, 1949, vol. 28, 
Jan., pp. 21-42). See Journ. I. and S.I., 1948, vol. 159, 
Aug., p. 439. 

Low-Temperature Treatment of Steel. H. Juvan. (Meta- 
lurgia y Electricidad, 1949, vol. 13, Feb., pp. 21-25). [In 
Spanish]. The author discusses briefly the field of applica- 
tion of low-temperature treatment. Diagrams illustrate the 
S-curve for a high-speed steel (18% W, 4°, Cr, 1% V), the 
relationship between the amount of residual austenite and 
the hardness, effect of tempering temperature on the quantity 
of austenite in 1% carbon steels, high-speed steels, and in 
13% chromium, 2° carbon steels.—r. s. 

Basic Conditions for High-Frequency Hardening of Tool 
Steel. I. N. Kidin. (Stanki i Instrument, 1948, vol. 19, 
June, pp. 10-13). [In Russian]. 

Thermodynamics in the Decarburization of Steel with Mill 
Scale. W. A. Pennington. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 213-258). See Journ. 
I. and 8.I1., 1949, vol. 161, Apr., p. 377. 

Safe Operating Procedures for Different Types of Special 
Atmosphere Furnaces. ©. G. Segeler. (American Gas Asso- 
ciation: Industrial Heating, 1949, vol. 16, Jan., pp. 58-64). 
Procedures are given for the operation and shutting-down of 
special atmosphere furnaces with the object of preventing 
the formation of explosive mixtures of gas and air, and to 
promote safety in general.—Rr. A. R. 

The Fundamentals of Protective-Atmosphere Annealing. 
W. Baukloh. (Die Technik, 1949, vol. 4, Jan., pp. 14-19). The 
theory of the use of protective atmospheres for annealing 
metals is explained. From both metallurgical and economic 
points of view an atmosphere high in nitrogen and low in 
reducing components is advantageous. A table showing the 
types of atmosphere and furnace suitable for annealing different 
types of steel and some non-ferrous metals and alloys is 
presented.—R. A. R. 

The Quenching of Tool and Die Steels. P. Payson. (Ma- 
chinery, 1949, vol. 74, Apr. 14, pp. 482-486). The author 
discusses the isothermal transformations, including austemper- 
ing and martempering, of tools and die steels, especially 
high-carbon, high-chromium, molybdenum high-speed, and 
chromium-molybdenum steels for hot working. 

Predicting the Effect of Complex Tempering Cycles. J. L. 
Waisman and W. T. Snyder. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 1400-1414). See Journ. 
I. and §.I., 1949, vol. 161, Feb., p. 154. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Trimming Cast Parts. A. H. Allen. (Foundry, 1949, 
vol. 77, Feb., pp. 84-86). Punch presses have been installed 
at the Dearborn, Michigan, plant of Ford Motor Co. for 
trimming cast parts such as small valve guide bushings, 
cylinder heads, gear blanks and oil pump castings, instead 
of grinding them. An illustrated account of the operation 
of the presses is presented.—J. C. R. 

The Manufacture of Forged and Hardened Steel Rolls in 
Germany and Austria. (British Intelligence Objectives Sub- 
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Committee, 1949, Report No. 1821: H.M. Stationery Office). 

This is a report on visits to eight German and one Austrian 

works manufacturing forged and hardened steels rolls. 
R. A. R. 

New Methods of Fabricating and Fixing Gas Turbine Blades. 
E. J. Meier-Téndury. (Schweizer Archiv, 1949, vol. 15, 
Mar., pp. 65-75). English, American, and German methods 
of making and fixing gas-turbine blades are reviewed ;_ these 
include drop-stamping, casting by the lost-wax process, and 
machining from the bar. The Rolls-Royce, De Havilland, 
Bristol Aeroplane Co., and Armstrong Siddeley methods of 
fastening blades in the dise are described and illustrated. 

R; A. R. 

A New Drawing Chart for Tubes. Y. Dardel. (Wire and 
Wire Products, 1949, vol. 24, Feb., pp. 137-140). 

* Barcro ” Drawing Machines. (Wire Industry, 1949, vol. 
16, Feb., pp. 155-157). Two new wire-drawing machine 
types made by Barron and Crowther, Ltd., Eastleigh, are 
described. One is a 9-die tandem rod machine of the slip 
type with inlet capacities of 14, 4%, %, #, and } in., with 
finishing speeds of 500 to 3500 ft./min. according to the 
size of wire and individual requirements. The second type is 
the auto-electric non-slip machine available in four sizes, 
designed to take inlets from a maximum of 3 S.W.G. high 
carbon steel rod downwards.—Rr. A. R. 

Merchant Wire Products. H. A. Caldwell and C. L. 
McGowan. (American Iron and Steel Institute: Wire and 
Wire Products, 1949, vol. 24, Feb., pp. 147-149, 188, 189). 
After a brief account of the process of drawing wire, a selection 
of products made from wire are described, and reference is 
made to ‘ Steel Products Manual 16, Carbon Steel Wire ” by 
the American Iron and Steel Institute, which gives details of 
standards, specifications, tolerances, and definitions.—R. A. R. 


ROLLING-MILL PRACTICE 


Deformation in Rolling. G. S. Mican. (Iron and Steel 
Engineer, 1949, vol. 26, Feb., pp. 53-67). The author 
discusses the flow of metal in rolling and in forging. He states 
that where the ratio of the height of the stock to its width is 
greater than 2-2 to 1, concave cross-sections will develop, 
and where this ratio is less than 1-8 to 1, convex cross-sections 
will develop, and that for a given ratio, cross-sectional 
contour patterns, metal-flow patterns, dimensional extensions, 
and induced stresses will be substantially the same in forging 
as in rolling. He adduces evidence from the compression of 
cylinders made of steel laming, and the rolling of blooms 
composed of lamingz into ovals, squares, diamonds, and 
channels in support of this postulate.—z. Pp. s. 

Classification of Formulae for the Calculation of Power- 
Consumption during Rolling. M. Szkaradzinski and Z. 
Wusatowski. (Hutnik, 1948, Dec., vol. 12, pp. 536-546). 
[In Polish]. Fundamental formule for the calculation of 
power consumption during rolling given by M. A. Pawlow 
(Metallurg, 1932, No. 8, pp. 84-103) and some other authors 
are discussed, with examples of some calculations.—w. J. w 

Electrical Equipment for Cold Strip Mill at Great Lakes 
Steel. F. R. Grant. (Iron and Steel Engineer, 1949, vol. 26, 
Feb., pp. 94-100). A description is given of the electrical 
equipment ard general arrangement of a 93-in., 3-stand, 
tandem cold mill recently installed at Great Lakes Steel 
Corporation, which has a maximum finishing speed of 1600 
ft./min. An account is given of control and application prob- 
lems that were encountered.—J. c. R. 

Reversing Cycle of Modern Blooming Mills. T. B. 
Montgomery and J. F. Sellers. (Electrical Engineering, 1949, 
vol. 68, Feb., p. 137). A summary is presented of a paper 
read before the American Institute of Electrical Engineers. 
The following conclusions were reached : (1) It is possible to 
predict by calculation close approximations of current and 
voltage values during the reversing cycle; (2) by proper 
selection of exciter voltages and the use of rotating amplifier- 
type control, a shorter reversing time is possible than previ- 
ously accepted as satisfactory ; (3) by close attention to the 
factors in machine design affecting the time constants, 
including laminated frames of main motors, generators, and 
exciters, a still shorter reversing time is possible and problems 
affecting commutation are made easier; (4) a shorter 
reversing time requires faster operation of auxiliaries such 
as approach tables, manipulators, and screwdowns ; (5) it 
becomes an evident fact from the data that a practical 
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reversing mill control must have exciters with a voltage 
range 250- 300% greater than the required JR field voltage. 
Laminated construction would reduce this forcing voltage 
requirement about 25%. 

A Large Reversible Rolling Mill and Its Hydroelectric 
Driving Plant. L. Bemporad. (Metallurgia Italiana, 1949, 
vol. 41, Jan.—Feb., pp. 7-18). The large armour plate revers- 
ing rolling mill of the Terni steelworks and the hydroelectric 
plant driving the train, by the Ward-Leonard direct-current 
system, are described and electrical circuits and photographs 
are included. This old installation is compared with more 
modern reversing rolling mills, run on the Ward-Leonard 
system. Possible uses of the Terni rolling mill in peace 
time are discussed and some alternatives to the present 
hydroelectric plant are considered. These include “‘ self-slip ”’ 
asynchronous motor control and metadynamic equipment. 

R. F. F. 

The Art of Rolling Flats. ©. P. Hammond. (Iron and 
Steel Engineer, 1949, vol. 26, Mar., pp. 85-95). The various 
methods of producing flats are outlined, including details of 
the practice, procedures, and equipment used. The produc- 
tion of square-edge flats by the step-and-edging and the 
tongue-and-groove methods is described, and reference is also 
made to near-square flats produced by the use of fluted 
square and edging grooves, and the diamond groove with long 
and short sides finishing on the angle, sometimes called the 
diagonal method. The processing of different grades is also 
considered from the rolling point of view.—J. ©. R. 

The Reversing Cluster Mill. G. E. Farrington. (Iron and 
Steel Engineer, 1949, vol. 26, Mar., pp. 69-71). A description 
is given of a cluster mill and an account is given of the pur- 
poses for which the mill is used and operational results that 
can be obtained.—s. c. R 

An Analysis of Maintenance Costs. L. Tunny. (Iron and 
Steel Engineer, 1949, vol. 26, Feb., pp. 68-72). In this 
analysis of maintenance costs in the rolling mill the author 
discusses factors which increase equipment productivity, those 
influencing the cost of individual jobs, and such factors as 
preventive maintenance, improper design, improper lubrica- 
tion, improper deferment of repairs, use of defective materials 
or poor workmanship, and the abuse of equipment.—J. c. R. 

The Determination of Spread in the Hot Rolling of Steel 
with Smooth Rolls. W. Lueg. (Mitteilungen aus dem Max- 
Planck-Institute fiir Eisenforschung, Report No. 485: Archiv 
fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.—Feb., pp. 
59-68). So many variables play their part in determining the 
spread when hot rolling steel that the formule for calculating 
spread are very involved. In the paper the author discusses 
the formule of W. Tafel and H. Sedlaczek, S. Ekelund, F. 
Riedel, J. Roux, and N. Marini and presents nomographs to 
facilitate their use.—R. A. R. 

Some Researches on the Working of ae in the British 
Iron and Steel Research Association. W. ©. F. Hessenberg. 
(British Science News, 1949, vol. 2, No. dg pp. 162-165). 
Brief accounts are given of research work in progress by the 
British Iron and Steel Research Association in connection 
with rolling and wire drawing. The calculation of roll force 
and torque in flat strip rolling, the effect of tension applied 
during rolling, optimum die angle for wire-drawing, measuring 
changes in die profile, and back-pull wire drawing are briefly 
referred to.—R. A. R. 

Researches into the Deformation of Metals by Cold Rolling. 
H. Ford. ener gs, - of the Institution of Mechanical 
Enginecrs, 1948, vol. 159, pp. 115-143). A large number of 
experiments have been carried out on an experimental cold 
rolling mill installed at Sheffield University by the Steel 
Industry, and this paper summarizes the results obtained. 
The experimental technique is described, and details are 
given of the mechanical tests made on the strip materials 
used.—R. A. R. 

The Calculation of Roll Force and Torque in Cold Strip 
Rolling with Tensions. D. R. Bland and H. Ford. (Proceed- 
ings of the Institution of Mechanical Engineers, 1948, vol. 
159, pp. 144-163). From an approximate theory, equations 
are derived for roll force and torque with and without front 
and back tensions applied to the strip. Where tensions are 
applied the calculations for each pass take about an hour ; 
without tensions, and with the use of curves given in this 
paper, they can be carried out in ten minutes. The accuracy 
of the calculations without tensions is within about 15%. 
At the end of the paper there is a discussion of the energy 
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relationships in rolling. At present this should be considered 
as speculative in character. 

Considerations on the Size of Rolling-Mill Trains and the 
Corresponding Roll Diameters. Fernando del Moral. (Meta- 
lurgia y Electricidad, 1949, vol. 13, Apr., pp. 82-83). [In 
Spanish}. What must be the diameter of the neck and wobbler 
in relation to that of the roll? The ratio of the diameter of 
the roll to that of the neck is 1-8 to 1 and this gives the formula 
d = D/1-8, where d is the diameter of the neck and D that 
of the roll. The author prefers to determine the load which 
the necks have to support during the rolling of a bar and thus 
the differences of section of the grooves (following the elonga- 
tion) and the rolling tension or pressure. 

The roll manufacturer establishes a relationship between the 
coefficient 1-8 and the series of coefficients formed by the 
progressive elongations so that the major coefficient of these 
progressions is lower than that of the ratio of neck to roll 
diameter.—R. 8s. 

The “ Zaporozstal ” Rolling Mills and their Reconstruction. 
Z. Jaglarz. (Hutnik, 1948, vol. 15, Oct.—Nov., pp. 
468-483). [In Polish]. Details are given on the reconstruc- 
tion of the rolling mills of the ‘* Sergo Ordzonikidze Zaporoz- 
stal Metallurgical Combine.’”” The 44 to 15-ton ingots are 
rolled into slabs 65-200 mm. thick, 600-1500 mm. wide, and 
1590-4500 mm. in length. Many constructional and produc- 
tion details are given. The information covers not only 
blooming mills, but also the mills for thin plates and sheets, 
as well as for cold rolling. Many production examples are 
given which are seldom to be found in literature.—w. J. w. 

Steel Mill Applications of Electronic Control. J. KR. Erbe. 
(Yearly Proceedings of the Association of Iron and Steel 
Engineers, 1948, pp. 598-606). Several types of electronic 
apparatus for controlling various steelworks operations are 
described and _ illustrated. The applications include the 
control of the speed of strip passing through continuous 
annealing and pickling lines, a safety device for a shearing 
machine, strip edge control on coiling reels, automatic 
pinhole detection, photoelectric scanner control for reflowing 
tin on tinplate strip, furnace temperature control, and speed 
regulation of a flying hot saw.—R. A. R. 


MACHINERY FOR IRON AND STEEL PLANT 


Mercury Arc Rectifier Operations in Carnegie-Illinois 
Plants. F. W. Cramer. (Iron and Steel Engineer, 1949, vol. 
26, Mar., pp. 57-68). The author gives an account of operat- 
ing experience with mercury are rectifiers in the plants of 
Carnegie-Illinois Steel Corporation.—s. c. R. 

Rapid Excitation of Synchronous Machines. The Meta- 
oaane Exciter. F. Burlando. (Metalurgia y Electricidad, 
1949, Jan., vol. 13, pp. 41-53). [In Spanish]. The article 
surveys usual systems of excitation and especially all those 
which improve the stability of the alternators connected to 
large networks. Tests and calculations of metadyne exciters 
illustrate the advantages which these have over ordinary 
dynamos. Greater rapidity of response in the excitation of 
the metadyne is important, especially as it improves the 
dynamic stability of alternators used in networks having an 
extensive distribution. This rapidity of response depends 
not only on the size of the apparatus, but also on the type of 
tension regulator. If the regulator be slow (electrodynamic 
or mechanical type) the rapidity of response due to the 
metadyne is nil. 

The regulator must be rapid (electronic type) so that its 
intervention period is much less than that of the excitation 
system.—R. S. 

Steam Generation and Maintenance Power Stations for 
Steel Plants. J.J. Alexander. (Iron and Steel Engineer, 1949, 
vol. 26, Mar., pp. 72-78). In considering the maintenance of 
steam generation and power plants it is desirable to arrange 
major overhauls for periods when the demand for steam is 
likely to be at a minimum, e.g., when a blast-furnace is out of 
operation or there is reduced mill operation. A programme of 
the work involved in a complete inspection of a turbo-blower 
to last one week is suggested. Notes are also given on 
annual inspections of steam-driven equipment.—J. Cc. R. 

Heat Flow in the Gas Turbine. A. G. Smith. (Proceedings 
of the Institution of Mechanical Engineers, 1948, vol. 159, pp. 
145-254). In this lecture experimental data are presented on 
turbine-blade heat transfer, which is an important factor 
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in the design of high-temperature turbines. Blade stagger 
has a considerable effect on blade Nusselt number, and on 
the rate of variation of Nusselt number with Reynolds 
number. For nozzle blades, theoretical and experimental 
values of the Nusselt number agree fairly well. A method is 
proposed for the approximate estimation of Nusselt number 
by Reynolds analogy. The experimental data are used in the 
calculation of heat flow in blades cooled at the root, and in 
internally air-cooled blades. 

Improved Flying Shear Drive. J. R. Erbe. (Iron and 
Steel Engineer, 1949, vol. 26, Apr., pp. 74-78). The funda- 
mental requirements of a good flying-shear drive are detailed, 
and a drive to meet these requirements is described. It 
consists of a single motor which is directly connected to the 
bottom knife of the flying shear, an adjustable voltage D.C. 
generator driven by a synchronous motor, a rotating regu- 
lator, an electronic regular, and two pilot generators.—J. c. R. 


LUBRICANTS AND LUBRICATION 


Laboratory Wear Tests with Automotive Gear Lubricants. 
8S. A. McKee, J. F. Swindells, H. 8. White, and W. Mountjoy. 
(Journal of Research of the National Bureau of Standards, 
1949, vol. 42, Feb., pp. 125-130). The SAE machine for 
testing extreme-pressure lubricants has been modified to 
determine wear with gear lubricants under conditions simu- 
lating high torque and low speed. The modifications and 
the test procedure are described in detail and test data are 
presented relating to a straight mineral oil and 11 lubricants 
commonly used for automotive gears. Information on wear 
during running-in, changes in roughness of the test cups with 
wear, and on the effect of the initial surface roughness on the 
rate of wear is also given.—R. A. R. 

Factors in Selecting a Drawing Lubricant. R. F. Johnston. 
(Steel Processing, 1949, vol. 35, Jan., pp. 27-30, 43). The 
reasons why the requirements of a drawing lubricant are very 
exacting are given. When the plastic deformation of the 
metal gives rise to high temperature and pressure simul- 
taneously, oils and greases can hardly be expected to function 
efficiently and lubricants containing a suspension of colloidal 
graphite are used. Some advantages and disadvantages of 
graphite lubricants are cited.—r. A. R. : 

Lubrication of Rolling Mills. L. E. Lovitt. (Iron and 
Steel Engineer, 1949, vol. 26, Feb., pp. 88-93). The author 
discusses factors to be taken into account when considering 
lubrication systems for rolling mills.—s. c. R. 


WELDING AND FLAME-CUTTING 


Practical Aspects of Inert Gas Welding. H. A. Huff, 
jun. and A. N. Kugler. (Welding Journal, 1949, vol. 38, 
Feb., pp. 128-140). The inert gas welding of stainless steel 
may be carried out with a tungsten electrode and argon or 
helium : greater speed will be obtained with the latter gas 
and, therefore, less distortion. If a carbon electrode is used 
the are will be easier to start and, in conjunction with the 
use of argon, this makes the manual welding of thin sheet 
readily possible. Details are also given of the best techniques 
to employ in the shielded-arc welding of aluminium alloys, 
copper and copper-base alloys, magnesium, carbon steels, 
silver and nickel, and nickel alloys.—4s. P. s. 

The Technique of the Simultaneous Application of Steel 
Castings and Welded Parts in Compound Construction. H. 
Gerbeaux. (Fonderie, 1948, Oct., pp. 1335-1353). Cast 
steel parts can be welded together where it would not be 
practicable to make a single casting. Numerous examples 
are given of the application of this technique in shipbuilding, 
locomotive construction, aircraft construction, pressure-vessel 
manufacture, and similar work.—J. Cc. R. 

Economy of Steel and Cast Iron by Welding. (Transactions 
of the Institute of Welding, 1949, vol. 12, Feb., pp. 3-9). 
In 1947 a Committee was set up by the President of the 
Institute of Welding to investigate the possible economiés 
in the replacement of cast iron and riveted steel by welded 
components and structures. Estimates made by bridge- 
building firms, boilermakers, shipbuilders, and by marine, 
structural, electrical, and general engineering firms vary from 
5°, in the case of a vibrating feeder for coal handling, where 
welded construction replaced riveting, to 36°% in the case 
of the replacement of cast-iron turbine cylinders by welded 
ones. In steam drums, savings of 24% are noted, and in 
bridge construction, savings of 15-20%. An estimate is also 
made that welded cell construction on the fabrication of 
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grinding and jig boring machines bodies would save 45% by 
weight.—J. P. 8. 

Examination of Some Scientific Problems Relating to 
Flame Utilization in Welding and Related Applications. 
W. Bonhomme. (International Welding Congress, Brussels, 
June 1948: Revue de la Soudure/Lastijdschrift, 1948, vol. 4, 
No. 3, pp. 170-192); No. 4, pp. 223-228). This is a report, 
made at the request of the Commission de _ 1’Industrie 


Oxyacétylénique, on the problems involved in the use of 


flames, especially oxy-acetylene flames, for welding or related 
applications.—R. F. F. 

Notes on Some Metallurgical Problems during Welding 
and Examples of Hardening Phenomena. A. Portevin. 
(Journées Internationales de Soudure, Brussels, June, 1948: 
Revue de la Soudure/Lastijdschrift, 1948, vol. 4, No. 4, pp. 
195-206). The effect of welding on the hardness and brittle- 
ness of steels during welding, and the hardening phenomena 
which occur during the common methods of welding are 
discussed.—R. F. F. 

The Role of Oxygen in Electric Welding. J. D. Fast. 
(Mededeelingen van de Vlaamsche Chemische Vereeniging, 
1948, vol. 10, Jan., pp. 1-21 : [Abstract] Chimie et Industrie, 
1949, vol. 61, Feb., p. 160). 

New Type of Electrode Coating for Welding Low-Carbon 
Steel. A. A. Alov. (Avtogennoe Delo, 1947, No. 9, pp. 
8-11: [Abstract] Engineers’ Digest (N.Y.), 1948, vol. 5, 
Sept., p. 356). 

Gas-Forming Materials in the Coatings of Welding Rods. 
J. D. Fast. (Lastechniek, 1949, vol. 4, Mar., pp. 189-192). 
[In Dutch}. 

Overheating of Electrodes. I. L. Stern. (American Welding 
Society : Australasian Engineer, 1948, Dec. 7, pp. 66-68, 
95). See Journ. I. and §. T., 1949, vol. 161, Feb., p. 156. 

Factors Influencing the Weldability of High Tensile Alloy 
Steels, and a New Weld Cracking Test. P. L. J. Leder. 
(Proceedings of the Institution of Mechanical Engineers, 1948, 
vol. 159, pp. 173-190). See Journ. I. and S. I., 1948, vol. 159, 
July, p. 339. 

The Thermit Process. (Welding, 1949, vol. 17, Mar., pp. 94- 
103). The process of thermit welding is described with details 
of several examples including the repair of a 12-ton mill 
housing and the construction of a large stern frame incorpor- 
ating four welds, and joints in 80 Ib./yd. rails.—R. A. R. 

Welding Research and Development in Germany. (British 
Intelligence Objectives Sub-Committee, 1949, Report No. 
1849: H.M. Stationery Office). Outstanding advancements 
in the field of welding in Germany are reported. Apart from 
new and improved types of automatic welding machines, a 
number of semi-automatic processes had been developed and 
applied. The Kael-Lundin process utilizing 3-phase A.C. 
welding current and electrodes with twin core wires, the 
latest types of Unionmelt welding heads with internal control, 
and the ESS semi-automatic process employing a com- 
bination of submerged are and fire-cracker welding are 
described. 

German Resistance Welding Equipment and Develop- 
ments. (British Intelligence Objectives Sub-Committee, 
1949, Report No. 1854: H.M. Stationery Office). 

Metallurgical Problems in the Welding of Thick Plates. 
W. Kiintscher. (Die Technik, 1949, vol. 4, Jan., pp. 5-8). 
Tests to determine the weld-crack sensitivity of steel are 
described. A consideration of the results of three tests 
(Fry’s impact test on cold-worked specimens ; the weld-bead 
bend test ; and Folkhard’s notched-bar bend test) will show 
whether a steel is weld-crack sensitive. Recommendations 
on the welding of heat-resisting and high-alloy austenitic 
steels are made.—R. A. R. 

Transverse Shrinkage of Butt Welds during Arc Welding 
of Thick Steel Plates. V. L. Tsegelskii and V. I. Mel’nik. 
(Avtogennoe Delo, 1948, June, pp. 31-32). [In Russian]. 

Flash Welding Nickel Steels. J. J. Riley. (Welding En- 
gineer, 1948, vol. 33, Dec., pp. 36-39: [Abstract] PERA 
Bulletin, 1949, vol. 2, Apr., p. 214). A laboratory investiga- 
tion has shown that low-alloy steels in which nickel is a 
prominent element can be flash-welded with excellent results 
if the correct technique is followed. Initial work indicated 
that a comparatively high level of energy input resulted in 
better welds. Tables of welding data are given for the 
following seven types of steel: SAE 2320, 3115, 4615, 4640, 
8630, 1030, and 9% nickel. ; 

Experimental Welding of Rail Joints in India by Thermalite 
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Process. P.M. Dalal. (Science and Engineering, 1949, vol. 2, 
Jan., pp. 7-11). The procedure for the thermit welding of 
rail joints adopted by the B.B. & C.I. Railway (India) is 
described and its advantages discussed.—Rr. A. R. 

Some Aspects of the Welding of Cast Iron. (Welder, 1949, 
vol. 18, Jan.-Mar., pp. 2-5). Recommendations are made 
for welding procedures for cast iron. The application of a 
‘buffer’ coating of ‘Cinex’ or a nickel alloy cast iron 
is advisable if welding with mild steel is to follow. The buffer 
coating prevents carbon from migrating from the casting into 
the weld.—R. A. R. 

Inert-Arc Welding of the Less Weldable Metals. M. J. 
Conway. (Machinery, 1949, vol. 74, Apr. 14, pp. 478-481). 
The use of inert-arc welding for welding difficult metals is 
discussed. Argon and helium are the gases usually used 
and both direct current, with straight or reversed polarity, and 
alternating current can be used ; no flux is required with this 
process.—R. F. F. 

Welded Pressure Vessels. N. Gross. (Welder, 1949, vol. 
18, Jan.—_Mar., pp. 8-11). Investigations of welded pressure 
vessels confirm that the stress peaks occur around branches 
and manholes. Investigations of these points and methods 
of reinforcing them are to be investigated. Equipment for 
the production of Class I pressure vessels, the testing of 
shaped welded high-pressure pipes, and methods of con- 
structing compound vessels of great thickness are briefly 
described. 

Calculation and Design of Vessels which Are Required to 
Withstand Pressure. J. Némec. (Svafovini, 1949, vol. 9, Jan., 
pp. 1-9. [In Czech]. The most important causes which may 
lead to failures in welded vessels subjected to internal pres- 
sures are: Use of unsuitable material, particularly in cases 
where there are dynamic stresses or where the working 
temperatures are high or too low; with sudden loads a 
welded vessel is stressed more than a riveted one because its 
resistance to local deformation at the joints is greater; un- 
suitable heat-treatment or no heat-treatment at all; un- 
suitable design of weld and bad workmanship ; corrosion, 
particularly caustic embrittlement at spots where steam 
remains stationary ; unsuitable design of the vessel and in- 
accuracy in manufacture, as small non-uniformities in the 
roundness of the vessel are sufficient to cause considerable 
increase in the stresses. These causes of failure are dis- 
cussed and recommendations are made on eliminating the 
possibility of such failures. Design calculations are discussed. 
Relevant data on the permissible stresses for the various steels 
and manufacturing processes applied in Czechoslovakia and 
also the shape coefficients applicable to various types of 
vessel bottoms are given in tables and diagrams. Much 
experimental work has been carried out by the Ceskomoravska 
Kolben Danék on the stress conditions at the necks of vessels. 
Over 1000 strain-gauge measurements have been made and 
these give useful information on the stress conditions.—k£. G. 

Recent Knowledge on the Problem of Stresses and Con- 
traction in Welded Joints. RK. Malisius. (Die Tecknik, 1949, 
vol. 4, Jan., pp. 11-14). The author discusses stresses in 
fillet welds, particularly in long welds joining ships’ hull 
plating to ribs, and develops a theory to explain why fractures 
in such welds are frequently due to longitudinal stresses in the 
weld.—R. A. R. 

Concerning a Composite Weld. [. Bischof. (Schweissen 
und Schneiden, 1949, vol. 1, Feb., pp. 26-28). A composite 
weld was made to join two pieces of 17-mm. steel plate (C 
0-39%, Cr 1-80, Ni 1-38°,). The first pass in the V was 
deposited with an austenitic electrode (Cr 15-56° , Ni 
8-01%), and the second pass with a ferritic electrode (C 
0-05%). Hardness surveys were made across the section of 
the joint. Cracks were found in the transition zones between 
the two passes and between the parent and weld metals. 
This was due to the formation of martensite.—R. A. R. 

Deep-Penetration Welding Electrode “ B-H Trumf.” A. 
Kleandr. (Svafovani, 1949, vol. 9, Mar., pp. 17-26. [In 
Czech]. The paper describes the results of experiments 
carried out with this new welding electrode by the test labora- 
tories of the Czech firm Batska a Hutni Spol. The electrode 
has been approved for use in boiler work. The properties 
of this electrode are described in great detail, and many 
micrographs and macrographs of the structure of the weld 
as well as numerical strength data are included—ez. a. 

Welding Rods. P. C. van der Willigen. (Chemisch Week- 
blad, 1948, vol. 44, Nov. 6, pp. 633-640). [In Dutch]. 
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Calculation of Cutting Times and the Oxygen and Acetylene 
Consumption in Flame-cutting. ©. G. Keel. (Svafovani, 
1949, vol. 9, Mar., pp. 32-34). [In Czech]. Cutting times 
and gas consumptions given in the literature have been used 
for compiling tables giving average values for manual and 
machine flame-cutting, and nomograms are worked out 
which permit the determination of maximum and minimum 
times and gas consumption for flame-cutting operations.—r. 6G. 


MACHINING AND MACHINABILITY 


Basic Reasons for Good Machinability of Free Machining 
Steels, M. E. Merchant and N. Zlatin. (Transactions of the 
American Society for Metals, 1949, vol. 41, pp. 647-677). See 
Journ. I and 8S. I., 1949, vol. 161, Mar., p. 263. 

Cutting Conditions for Rapid Machining of Steels. P. P. 
Grudov and §. I. Velkov. (Stanki i Instrument, 1948, vol. 
19, July, pp. 7-12 [in Russian]: [Abstract] Metals Review, 
1948, vol. 21, Nov., p. 52). Optimum conditions are given 
for milling machines as obtained by experimental work. 
Data are given for different types of steel, cutting tools, and 
dimensions of the work. 

The Fast-Finishing Steels. W. F. Walker. (Toolmaker, 
1948, vol. 2, Oct., pp. 468—470: {Abstract ] PERA Bulletin, 
1949, vol. 2, Mar., p. 131). These steels, which are capable of 
high hardness coupled with low cost, are rapidly falling into 
disuse. Their properties are such as to make them particu- 
larly suitable for fine, uninterrupted cuts at very high speeds 
and the author lists a variety of uses in which these properties 
can be employed to advantage. Heat-treatment and analyses 
are also given. 

Hardness . . . A Machinability Index? J. B. Armitage and 
A. O. Schmidt. (Machinist, 1949, vol. 93, Apr. 30, pp. 24-25). 
Production and tool-life tests on seven representative steels 
heat-treated to give hardnesses of 200, 300, and 400 Brinell, are 
described. These tests were carried out with solid tungsten- 
titanium carbide milling blades, and results showing the wear 
of tools and recommended cutting speeds and feed are given. 

Re FoF. 

Machining of Austenitic 18/8 Chromium-Nickel Steel. 
M. I. Shitov. (Stanki i Instrument, 1948, vol. 19, June, 
p- 20 [in Russian]: [Abstract] Metals Review, 1948, vol. 21, 
Nov., p- 20). The author considers the effect of the addition 
of potassium ferricyanide to the fused-salt quenching bath 
for the treatment of tools used for machining 18/8 chromium 
nickel steel. 

Drilling 18/8 Stainless Steel. J. K. Matter. (Tool En- 
gineer, 1948, vol. 21, Oct., pp. 29-30: [Abstract] Metals 
Review, 1948, vol. 21, Nov., p. 52). Recommended pro- 
cedures and equipment necessary to prevent work-hardening 
are described. 

Grindability of Steels. N. [. Volskii. (Stanki i Instru- 
ment, 1948, vol. 19, July, pp. 20-23 [in Russian]: [Abstract] 
Metals Review, 1948, vol. 21, Nov., p. 52). The effect of 
factors such as composition, structure, and heat-treatment are 


discussed. 


CLEANING AND PICKLING 


Modern Metal Cleansing. J. F. Stirling. (Practical En- 
gineering, 1948, vol. 18, Dec. 3, pp. 558-559: [Abstract] 
PERA Bulletin 1949, vol. 2, Mar., p. 137). In this article 
the main methods of degreasing and dirt removal are dealt 
with, including an entirely new method of metal cleaning 
known as electrolytic cleansing. 

New Methods of Pickling Metals. 1. Wetternick. (Berg- 
und Hiittenminnische Monatshefte der Montanistischen 
Hochschule in Leoben, 1949, vol. 94, Feb., pp. 34-37). 
Pickling processes developed during the last few years are 
reviewed.—R. A. R. 

German Metal Degreasing Practice. (British Intelligence 
Objectives Sub-Committee, 1949, Report No. 1814: H.M. 
Stationery Office). This report covers visits to German firms 
manufacturing and using chlorinated solvents, alkalis, and 
metal-degreasing plants. Very little new development in 
degreasing equipment and practice was noted.—R. A. R. 

Dispose of Pickle Liquor at a Profit. H. Kraiker, jun. 
(Chemical Engineering, 1949, vol. 56, Mar., pp. 112-115, 
144-147). A description is given of the large chemical plant 
and the processes by which the waste products from the 
pickling and galvanizing tanks of the Wheatland Tube 
Company, Wheatland, Pa., are converted into saleable 
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products. The raw materials for the process are spent 
pickling liquors, liquid chlorine (which is purchased), and 
zine skimmings. The liquor is processed to form a clean 
solution of ferrous sulphate ; the zinc skimmings are treated 
in a 60-ft. rotary kiln to form zine oxide. The main reactor 
takes 1500 U.S. gal. of ferrous sulphate which is heated to 
220° F.; the zinc oxide slurry and chlorine gas are added 
simultaneously. After 3 hr. all iron is converted to ferric 
hydrate, leaving zine sulphate and zine chloride in solution. 
Filtering, evaporating, and drying processes are employed 
to separate the products which are ferric hydrate, zinc sul- 
phate, and 70% zine chloride solution.—R. A. R. 

Surface Preparation by Electropolishing. C. L. Faust. 
(Journal of the Electrochemical Society, 1949, vol. 95, Mar., 
pp. 62c-72c). It is shown that electropolishing is largely 
an empirical process and that it offers special advantages in 
the preparation of metal surfaces; these advantages are 
revealed by comparisons between micrographs of mechanically 
and electrolytically polished surfaces. The properties of 
electrolytically polished surfaces are discussed and _ the 
literature is extensively quoted. There are 94 references. 

R. A. R, 

Polishing. G. F. Weil. (Metal Industry, 1949, vol. 74, 
Feb. 11, pp. 111-112; Feb. 25, pp. 146-147). Polishing 
equipment and all stages of the polishing process are dis- 
cussed, with special reference to plated coatings.—R. A. R. 

Surface Preparation Prior to Zinc Plating. R. Mansell. 
(Canadian Machinery and Manufacturing News, 1948, vol. 59, 
July, pp. 122-124: Z.D.A. Abstracts, 1949, vol. 7, Feb., 
p- 21). A metal must be clean if any electroplated finish is 
to be applied, and for zine plating this cleaning must be 
thorough and complete. Various aspects of surface prepara- 
tion are considered, including difficulties introduced by the 
shape of the work pieces. Emulsion and vapour degreasing is 
recommended for drawn shapes, and these processes are 
briefly described. There are also notes on electro-cleaning. 
In this method the articles can be made either cathodes 
or anodes, though for steel anodic cleaning is preferred, since 
in this way the deposition of carbon smut is avoided. Pickling 
solutions are also described. 

Electrolytic Polishing—Its Commercial Possibilities. (Indus- 
trial Finishing, 1948, vol. 1, Aug., pp. 18-20). The pros and 
cons of electrolytic polishing as a competitor of mechanical 
polishing are examined and the procedures developed by the 
Battelle Memorial Institute, P. A. Jacquet, and the Rustless 
Steel Corporation are given in brief. Stainless steel offers 
the best possibilities for electrolytic polishing. |The process 
cannot replace mechanical polishing, but it can be used in 
conjunction with it to replace the buffing operations to some 
extent.—R. A. R. 

Contribution to the Theory of the Electropolishing of Metals. 
G. 8. Vozdvizhenskii. (Journal of Technical Physics. U.S.S.R. 
1948, vol. 18, Mar., pp. 403-406 [in Russian]: [Abstract] 
Metals Review, 1948, vol. 21, Nov., p. 28). Existing theories 
are critically analysed. The solution of the active elements 
of the surface of the polished metal is believed to be the main 
factor involved. 

A Method for Studying and Regulating the Electrolytic 
Polishing of Metals. J. Epelboin, C. Chalin, and B. Galperin. 
(Société Francaise de Métallurgie, Oct. 21, 1948: Revue de 
Métallurgie, Mémoires, 1949, vol. 46, Mar., pp. 151-154). 
The method is based on the principle that variations of the 
resistance of the electrolytic polishing cell are determined 
essentially by the evolution of the anodic diffusion layer. 
Experimental curves quoted in support all relate to non- 
ferrous metals. A diagram of the electrical circuits of the 
electrolytic recorder, and of an electronic regulator are given. 

A. E. C. 


PROTECTIVE COATINGS 


Overvoltage of Hydrogen on Powdered-Iron Electrodes. 
S. A. Rozentsveig and B. N. Kabanoy. (Journal of Physical 
Chemistry, U.S.S.R., 1948, vol. 22, Apr., pp. 513-520 [in 
Russian]: [Abstract] Metals Review, 1948, vol. 21, Nov., 
p- 28). The overvoltage of hydrogen on powdered-iron 
electrodes was determined in 5N NaOH. The slope of the 
overvoltage curve varies with degree of oxidation of the iron 
surface. An anomaly in the overvoltage curve at low current 
densities is explained. 
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Further Investigation of Methods of Gaseous Metal Treat- 
ment. (British Intelligence Objectives Sub-Committee, 
1949, Report No. 1534: H.M. Stationery Office). The 
diffusion of chromium into ferrous articles has been the subject 
of a previous report (see B.I.0.S. Final Report 839). The 
present report comprises summaries of German documents 
and patents, not examined by the first team, which relate to 
improvements to methods of chromium diffusion, and methods 
of diffusing other elements such as silicon, vanadium, tungsten, 
tantalum, and molybdenum.—R. A. R. 

A Modern Electroplating Laboratory. M. B. Diggin. (Plat- 
ing, 1949, vol. 36, Jan., pp. 38-45). A description is given 
of the recently opened electroplating laboratory of the 
Hansor van Winkle Munning Co., Matawan, N.J.—R. A. R. 

The Effect of Impurities and Purification of Electroplating 
Solutions. (Plating, 1949, vol. 36, Jan., pp. 58-61). The 
literature on the effects of impurities in nickel-plating solu- 
tions is reviewed. Only a limited amount of work has been 
done on the specific effect of the presence of a single impurity 
added to a plating solution.—R. A. R. 

Selecting Protective Finishes for Springs. KR. I. Pond. 
(Machine Design, 1948, vol. 20, Dec., pp. 128-132, 194-196). 
Methods of coating springs of various shapes for appearance 
and protection against corrosion and abrasion are discussed. 
Barrel plating is much cheaper than still-tank plating for 
small springs, but when their length exceeds about 10 in., 
still-tank plating may be the only or the cheaper method. 
Barrel plating of helical springs is satisfactory when the 
diameter ratio of coil to wire < 7, but with higher ratios they 
tend to become tangled in the barrel.—Rr. A. R. 

Protecting Steels from Corrosion by Chromium Diffusion. 
H. Kalpers. (Industrie und Technik 1949, vol. 4, No. 3-4, 
pp. 25-27). The process of diffusing chromium into the surface 
of steel, developed by the Metall-Diffusions Gesellschaft, is 
described.—nr. A. R. 

Powder Gives Ordinary Steel Properties of Tool Steel. 
(Construction Methods, 1949, vol. 31, Jan., p. 79: Railway 
Engineering Abstracts, 1949, vol. 4, Mar., p. 73). This is an 
account of an American metallurgical development of a 
powder compound that gives tool-steel-cutting properties to 
low carbon steel. The method of applying the powder 
called “* Hi-speed-it ’’ is given; its use is said also to prolong 
the life of picks, shovels, bars, adzes, ete., and the cutting 
edges of scrapers and bulldozers. 

The Electroplating of Stainless Steels. RR. Weiner. (Archiv 
fiir Metallkunde, 1949, vol. 3, Jan., pp. 38-42). Silver plating 
and gold plating may be applied to stainless steel for improving 
the appearance, e.g., of table ware and fountain-pen nibs. 
Two processes are described which are based on destroying 
the passivity of the coating by etching in strong acid and 
immediately following this with the deposition of an inter- 
mediate layer of copper on which the silver or gold is de- 
posited in a cyanide bath.—Rr. A. R. 

Nonmetallic Coatings. J. Delmonte. (Machine Design, 
1949, vol. 21, Feb., pp. 97-102, 162). The properties, es- 
pecially the electrical resistance, of non-metallic coatings 
and some of their applications are discussed.—R. A. R. 

Smoothing Effects of Nickel Deposits. K. 8S. Willson and 
A. H. DuRose. (Plating, 1949, vol. 36, Mar., pp. 246-247, 
275). Surface roughness tests have been made on uncoated 
and on nickel-plated steel sheet using different plating baths, 
the object being to determine the type of bath which had 
the maximum smoothing effect. Bright nickel-plating baths 
had a greater smoothing effect than Watts-type baths. The 
nickel chloride bath had an intermediate effect.—RrR. A. R. 

Large Crossley Wire Galvanizing Blocks. (Wire Industry, 
1949, vol. 16, Feb., p. 158). A galvanizing frame arranged 
for pulling any gauge and number of wires up to 12 from 
swifts or stands through a complete wire galvanizing plant, 
and a heavy type bull block, both made by George Crossley, 
Ltd., Cleckheaton, are described and illustrated.—r. A. R. 

The Action of “ Chromic Acid” on Zinc Coatings. D. J. 
Swaine. (ASTM Bulletin, 1948, Oct., p. 52). Results are 
tabulated of the action of hot chromic acid solution (200 g. 
CrO, per litre) on electrolytic zinc, galvanized sheet, and 
galvanized wire. The losses in weight are considered to be 
small enough to warrant the continued use of this reagent 
for the removal of corrosion products from galvanized 
articles.—J. c. R. 

Solder Flow Tester for Tinplate. J.J. Sperotto. (Trans- 
actions of the American Society for Metals, 1949, vol. 41, 
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pp. 940-946). See Journ. I. and 8. I., 1949, vol. 162, June, 
p. 236. 

Electro Tinning——The Only Plant in Europe. P. M. Macnair. 
(Times Review of Industry, 1949, Apr., p. 9). A brief de- 
scription is given of the sequence of processes in the con- 
tinuous electrotinning of steel strip at the works of Richard 
Thomas and Baldwins Ltd.—kr. A. R. 

The Plating Step in Clad Steel Manufacture. A. D. Taylor. 
(Plating, 1949, vol. 36, Mar., pp. 239-245). To produce 
carbon steel clad with a layer of stainless steel, the stainless 
steel is nickel-plated on one side, the other side being pro- 
tected with a resin coating which can be easily removed. 
The nickel-plated steel is placed on a grit-blasted carbon steel 
backing plate. Two such pairs of plates are placed together 
with corrosion-resisting surfaces separated by a parting 
compound and the edges of the four plates are sealed by 
welding. The pack is then heated to 2100-2350° F. and 
rolled down to the required thickness, an operation which 
pressure-welds the cladding metal to the base plate. The 
two composite plates are separated by shearing or flame- 
cutting inside the welded edges.—R. A. R. 

The Commercial Possibilities of Sherardizing. (Industrial 
Finishing, 1949, Mar., pp. 462-467). The history of the 
development of the Sherardizing process is briefly given, and 
the process as now operated by Zine Alloy Co. (London) Ltd., 
is described. Sherardizing is a cementation process in which 
the components to be treated are packed in boxes which are 
filled with sand mixed with a controlled amount of zinc. 
The boxes are heated in gas-fired furnaces to a temperature 
below the melting point of zinc, both time and temperature 
being carefully controlled. About 4 oz. of zinc is taken up 
per sq. ft. of surface with a dimensional increase of about 
0-0006 in.—R. A. R. 

The Protective Value of Sprayed Bitumen Coatings. (Indus- 
trial Finishing, 1949, Jan., pp. 332-338). A description is 
given of the Gunfalt process of spraying bitumen to form a 
coating on metals. The spraying pistol is of the same type as 
the Schori metal-spraying gun. Coatings normally range 
from ys to in. in thickness. Data on the physical 
characteristics of the coatings and costs are given.—R. A. R. 

Porcelain Enameling Mild Steel. (Enamelist, 1948, vol. 
25, Sept., pp. 9-12: [Abstract] Metals Review, 1948, vol. 2], 
Nov., p. 26). Recommendations are given concerning the 
use of mild steel as a substitute for high-grade enamelling 
iron. 

Lead Cyanamide. A New Rust-Preventing Pigment. N. 
Kopyloff. (Peintures, Pigments, Vernis, 1949, vol. 25, Apr., 
pp. 144-145). The properties of lead cyanamide are com- 
pared with those of red-lead. The rust-preventing properties 
of lead cyanamide are at least equal to those of red lead, and 
with this new pigment only half the amount of lead is required 
to cover the same area.—R. F. F. 

The Preservation of Steel Structures by Paint. L. A. 
Ravald. (London and Southern District Junior Gas Asso- 
ciation: Industrial Finishing, 1948, vol. 1, Dec., pp. 280 
285). The preparation for painting and the painting of steel- 
work at gasworks, with special reference to water-sealed 
gasholders, are discussed.—R. A. R. 

Protective Coatings—Characteristics and Applications of 
Chemical Conversion Finishes. J. Mazia. (Machine Design, 


1949, vol. 21, Jan., pp. 110-114). The characteristics of 


phosphate coatings on steel and of chromic-acid anodized 
coatings on aluminium are discussed.—R. A. R. 

Organic Linings for Chemical Equipment. K. Tator. 
(Corrosion, 1949, vol. 5, Feb., pp. 55-58). Recommendations 
are made on the use of organic lining materials to protect 
metals from chemical attack and tables are presented showing 
the general properties and resistances of natural and synthetic 
rubbers and plastics to inorganic and organic acids, alkalis, 
oxidizing agents, oils, organic solvents, and abrasion.—R. A. R. 

Phosphatizing as a Topochemical Reaction. A. Wiistefeld. 
(Archiv fiir Metallkunde, 1949, vol. 3, Jan., pp. 43-45). The 
properties of phosphate coatings depend upon the nature of 
the reaction, and they can be influenced by appropriate pre- 
treatment. It is shown that topochemical reactions are 
involved in phosphatizing and the properties affected by these 
reactions, in particular the adsorption capacity and the 
effect on paint-film formation, are studied.—R. A. R. 

Plastic Coatings and Corrosion. ©. G. Munger. (Corrosion, 
1948, vol. 4. Nov., pp. 557-565). Four aspects of combating 
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corrosion with plastics are considered in detail, namely, 
selection of a plastic with the chemical properties capable of 
resisting the corrosive conditions involved, formulation of 
the selected plastic, adhesion to the surface to which it is 
applied, and application in the proper thickness to a correctly 
prepared surface.—R. A. R. 

The Phosphate Treatment of Wearing Parts of Machinery. 
R. E. Shaw. (Transactions of the Institute of Marine En- 
gineers, 1947—48, vol. 59, pp. 25-34). See Journ. I. and §.1., 
1947, vol. 156, May, p. 138. 

Burning Tool Equipment for Porcelain Enamelling Steel. 
A. Rasmussen. (Steel Processing, 1949, vol. 35, Feb., pp. 
79-81, 103). The design and the heat-resisting alloys for 
hooks and racks (called ‘‘ burning tool equipment ”’) for 
carrying metal parts of various shapes and sizes through 
enamelling stoves are described and discussed.—R. A. R. 

A Study of Primers for Ferrous Metals in an Atmospheric 
Exposure. (American Paint Journal, Convention Daily, 
1948, vol. 33, Nov. 6, pp. 8-10, 26-30; Nov. 9, pp. 28-32 ; 
Z.D.A. Abstracts, 1949, vol. 7, Feb., p. 23). This is an 
interim report on the condition of steel panels painted with 
recommended paint systems, after about one year’s exposure. 
Only slight deterioration had occurred, so little is to be learned 
from the results at present. However, a few panels were 
given priming coats only, and from them it appears that 
red-lead and zine chromate are better than basic carbonate 
white-lead, iron oxide or aluminium. Zine chromate, zinc 
oxide, and leaded zine oxide are components of many of the 
hundreds of paints under test, for which the experimental 
data are summarized in a table. 

The Protection of Iron and Steel Structures by Metallic 
Zinc Paints. J. S. Remington. (Chimie des Peintures et 
Vernis (Switzerland), 1947, Oct. vol. 1, pp. 116-120: Z.D.A. 
Abstracts, 1949, vol. 7, Feb., p. 25) Zinc-dust /zine-oxide 
paints are particularly valuable nowadays, when there is 
much structural steelwork to be protected and few skilled 
painters available. This article provides detailed informa- 
tion about the manufacture of such paints, and seven com- 
plete formule are given, one of which is suitable for smoke- 
stacks, etc. It is recommended that, to avoid gassing in 
the can, the paints be made up with lime-treated zine dust 
i.e., a zinc dust which was mixed with quick-lime before 
screening. Two methods—one due to the author—are 
described for determining the metallic zinc content of zine 
dust. 

Large Stee! Products Company Protects Galvanised Steel 
with Zinc Dust Paints. (Paint Progress (U.S.A.), 1948, 
vol. 7, Sept., pp. 1-3; Z.D.A. Abstracts, 1949, vol. 7, 
Feb., p. 28). The paper makes notes on zine dust 
paints classified according to their vehicles, and a description 
of the painting of galvanized structures. A linseed oil paint 
was used on phosphated galvanized steel so that when it 
became necessary to replenish the zine coating, this could 
be done by repainting. The illustrations show typical appli- 
cations of this coating system. 

Electrostatic Spraying and Detearing. (Mechanical World, 
1949, vol. 125, Mar. 11, pp. 257-258). See ‘* Ransburg 
Spraying and De-Tearing Processes,’ Journ. I. and S.1., 
1949, vol. 161, Feb., p. 160. 


POWDER METALLURGY 


Recent Developments in Powder Metallurgy. P. Schwarz- 
kopf. (Powder Metallurgy Bulletin, 1949, vol. 4, Mar., pp. 
28-56). Since the author’s book Powder Metallurgy was 
published in 1947 much literature has appeared with reports 
of new theories and techniques developed by those conducting 
research on powder metallurgy. These are reviewed in the 
present paper which may be regarded as a supplement to the 
book. There are 183 references.—R. A. R. 

Powder Metallurgy. A. Michel. (Documentation Métal- 
lurgique, 1949, Jan.—Mar, pp. 3-13). The technique and 
some of the alloys used in powder metallurgy are briefly 
described.—R. F. F. 

Application of the Theory of Diffusion to the Formation 
of Alloys in Powder Metallurgy. P. Duwez and C. B. Jordan. 
(Transactions of the American Society for Metals, 1949, 
vol. 41, pp. 194-212). See Journ. I. and 8.I., 1949, vol. 161, 
Apr., p. 385. 

Diffusion in Iron-Silicon Compacts. F. W. Glaser. (Powder 
Metallurgy Bulletin 1949, vol. 4, Jan., pp. 19-22). The 
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progress of bonding and diffusion during the sintering of iron- 
silicon compacts was followed by means of electrical resistivity 
measurements. Compositions with overall silicon contents 
of 6% and 10% were prepared. One series was cold pressed 
and sintered ; a second series was hot pressed and annealed ; 
in the third series the powder mixtures were hot pressed into 
discs and annealed at 1180° C. for 24 hr.; these discs were 
then crushed to —100 mesh and subsequently hot pressed. 
With the first series a drop in density was observed after 
25 min. sintering at 1180°C.; with further sintering the 
density increased asymptotically. With the second series 
there was no initial drop in density. In the first series the 
resistivity decreased with increasing sintering time, very 
rapidly at first. With the second series the resistivity in the 
as-hot-pressed state was very low; during the first 50 min. 
sintering the resistivity rose to a maximum and thereafter 
fell away, the curve coinciding with that for the previous 
series. After hot pressing the powdered alloy in the third 
series a constant resistivity value was reached immediately. 

R. A. R. 

A Method of Compressing Complicated Powder-Metallurgy 
Parts. H. Silbereisen. (Zeitschrift fiir Metallkunde, 1949, 
vol. 40, Feb., pp. 66-67). A pressing process for use in 
powder metallurgy is described ; it is intended for pressing 
metal powders into shapes which are not uniform in the 
direction of pressing. The requirements make it essential to 
have a die which receives the loose powder and distributes 
it for pressing according to the changes in section of the 
finished part, and finally releases the finished pressing. The 
machine consists of a base on which the pressing plate is 
fixed, a cover which encloses the profiled pressing tools, the 
tools with their pressing and lifting mechanism, and a top 
plate fixed to the cover plate by columns. The press is 
fully automatic and produces about eight compacts per 
minute,—R. A. R. 

Influence of the “* Threshold Effect ” on Highly Dispersed 
Phases. F. Mazzoleni. (Metallurgia Italiana, 1947, vol. 39, 
Mar.—Apr., pp. 86-88: [Abstract] Metals Review, 1948, vol. 
21, Nov., p. 20). The “* threshold effect ’ refers to a critical 
grain-size for powdered materials, especially metals. A 
theoretical, mathematical analysis of this effect is presented 
including a method for its identification and calculation. 

Method of Measuring the Relaxation of Stresses in Powdered 
Materials. I. A. Leskovich. (Zavodskaya Laboratoriya, 
1949, vol. 15, Feb., pp. 208-210). [In Russian]. A procedure 
is given for the study of relaxation in the external pressure 
range of 100—-15,000 kg./sq. em. applicable to substances in 
the powdered state.—s. K. 

Magnetic Powder Cores. G. R. Polgreen. (Journal of the 
Institution of Electrical Engineers, 1948, vol. 95, Part I. 
Dec., pp. 540-543). Improvements in the production and 
properties of magnetic powder cores are rev iewed and their 
applications to permanent magnets are considered.—J. c. R. 

High Strength Parts Made from Pre-Alloyed Steel Powders. 
(Steel, 1949, vol. 124, May 9, p. 114). Vanadium-Alloys 
Steel Co., Latrobe, Pa., are now making alloy steel powders by 
a process originated by F. W. Berk and Co., of London. 
A stream of the molten alloy of the desired composition is 
disintegrated by jets of water from a rotating head, and the 
powder and water mixture is dewatered and classified. It 
is claimed that the powder has a spherical form and therefore 
flows easily, and that 100% density and good mechanical 
properties are obtained.—J. P. 8s. 

Powder Metallurgy. G. J. Comstock, J. D. Shaw, C. L. 
Clark, and W. V. Knopp. (Iron Age, 1949, vol. 163, Mar. 24, 
pp. 73-74). The year 1948 showed steady advances in the 
powder-metallurgy field, notably in the extension of the use 
of iron powder, the application of the hot-pressing process to 
alloy powders and the production of ductile titanium and 
zirconium by powder-metallurgy techniques.—J. P. Ss. 

Trends in Powder Metallurgy. C. G. Goetzel. (Mining 
and Metallurgy, 1948, vol. 29, Nov., pp. 606-609). A review 
is presented of developments in the production of powder 
metallurgy products and their increasing field of application. 

J. 0. R. 

Powder Metallurgy and Heat-Resisting Alloys. H. W. 
Greenwood. ((Engineer, 1949, vol. 187, Apr. 1, pp. 349-351). 
The newer materials available and the more recent develop- 
ments in powder-metallurgy technique are briefly reviewed, 
and attention is directed to those combinations of refractory 
and hard materials playing a part in the production of heat 
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resisting units possible only by powder metallurgy. Methods 
of improving creep properties, and of preparing chromium 
boride and mixtures of refractory oxides with alloy steel 
powders are being studied. Experiments are in progress on 
the production of porous stainless steel and porous nickel- 
molybdenum.—R. A. R. 

The Sintering of Metal Powders. R. Talmage. (American 
Gas Association: Industrial Heating, 1948, vol. 15, Dec., 
pp. 2098-2106, 2180, 2181). The manner in which time and 
temperature, and the sintering atmosphere affect the results 
obtained when sintering copper, brass, and steel powders is 
discussed. Most of the results quoted are taken from the 
literature.—R. A. R. 

Sintering Atmospheres Used in Powder Metallurgy. N. K. 
Koebel. (Metal Powder Association, Annual Meeting, 1948, 
Proceedings, pp. 6-18). Fairly detailed descriptions ai 
given of generators for providing the protective atmospheres 
used in powder metallurgy. Data on the initial cost of the 
equipment and the cost of producing the atmospheres (in 
dollars per 1000 cu. ft.) are given.—R. A. R. 

Compressibility Factor for Metal Powders. G. B. Smith. 
(Metal Powder Association, Annual Meeting, 1948, Proceedings, 
pp. 29-35). Examples are given of the use of the formula: 


Compressibility Factor = -3>7—— 


for calculating the compressibility factors of a number of 
metal powders (7 is pressure in tons/sq. in., D is briquette 
density in g./c.c., and d is apparent density in g./c.c.). The 
results obtained for iron, copper, and bronze powders are 
presented and discussed.—R. A. R. 

Tooling for Powdered Metal Parts. W. E. Dalby. (Metal 
Powder Association, Annual Meeting, 1948, Proceedings, pp. 
36-49). A number of die designs for producing bushes and 
plain and flanged bearings by powder metallurgy are 
described and illustrated.—R. A. R. 

How Ford Produces Parts from Metal Powders. FE. F. 
Ensign. (Iron Age, 1949, vol. 163, Mar. 24, pp. 76-80). 
A large variety of bushings, in both bronze and iron—-copper 
alloys, are made at the River Rouge plant of the Ford Motor 
Co. The parts are compacted, sintered in an atmosphere 
of cracked propane, coined, and impregnated with oil in auto- 
claves.-—J. P. 8. 

Pressed Metal Powder Applications on the Automotive 
Industry. D.C. Bradley. (Iron Age, 1949, vol. 163, Mar. 24, 
pp. 86-89). The applications of powder-metallurgy technique 
in the manufacture of bearings and other small parts, and in 
the preparation of oil and fuel filters are described.—1. P. s. 

Pre-Alloyed Steel Powders. G. A. Roberts and A. H. 
Grobe. (Iron Age, 1949, vol. 163, Mar. 31, pp. 78-79). 
‘** Pre-alloyed ” steel powders have been made by disintegrat- 
ing a stream of the molten metal by water jets: the mixture 
of water and powder is de- watered, and the residue dried, 
reduced, annealed and screened. A number of carbon and stain- 
less steels have been prepared as powders in this way.—3J. P. S. 

Sintering Processes of Powders. A. 8S. Berezhnoi. (Ogneu- 
pory, 1948, vol. 13, No. 6, pp. 256-266: American Ceramic 
Abstracts, 1949, Feb. 1, p. 66). A review of the literature is 
given. 

Powder Metallurgy No Panacea. R. L. Ziegfeld and K. H. 
Roll. (Iron Age, 1949, vol. 163, Mar. 24, pp. 68-71). The 
prospective user of powder-metal parts should investigate the 
technique and the properties of the product with an open 
mind.—J. P. Ss. 

Manufacture of Cemented Carbides. T. A. Hood. (Austra- 
lia, Department of Supply and Development, Defence 
Research Labs., Information Circular 12, Nov., 1947: 
[Abstract] Bulletin of the British Non-Ferrous Metals Research 
Association, 1949, Mar., p. 118). This is a discussion of 
applications, grade, and compositions of cemented carbides 
with notes on various metal and carbide powders and cement- 
ing metals, manufacturing technique, including plant and 
equipment. In addition, there is a bibliography, 1925-46, 
in some cases with abstracts. 

Iron Powder in Electronics. E. F. Swazy, L. 8. Busch, and 
A. M. Suggs. (Metal Powder Association, Annual Meeting, 
1948, Proceedings, pp. 51-58). The requirements of iron 
powders for making cores for electronic circuits, and of the 
binder used to bond and insulate the iron particles are dis- 
cussed, and the equipment and process for manufacturing 
them are described.—R. A. R. 
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Physical Properties of Reduced Iron Powder plus Graphite 
and Copper. G. Stern. (Powder Metallurgy Conference, 
Graz, Austria, 1948: Iron Age, 1949, vol. 163, Mar. 24, pp. 
81-85). Additions of up to 5% of electrolytic copper to 
compacts of reduced iron powder and graphite which gave 
earbon contents of 0-20-0-80% in the sintered state gave 
these compacts higher yield points and tensile strengths than 
compacts made with electrolytic iron powder and graphite 
though the latter had better properties than compacts of 
reduced iron powder and graphite alone. Elongation and 
reduction of area were not as high as the compacts of electro- 
lytic iron and graphite, but the tensile properties were com- 
parable with those of SAE 1020 steels of the same carbon 
content and similar heat-treatment.—s. P. s. 

The Fatigue Strength of Sintered Iron Materials. M. Hempel 
and H. Wiemer. (Kaiser-Wilhelm-Institut fiir Eisenfor- 
schung: Archiv fiir Metallkunde, 1949, vol. 3, Jan., pp. 11- 
17). The effects of the type of raw material and the applied 
pressure on the fatigue strength of cold-pressed and sintered 
iron and steel products were investigated. The fatigue 
strength depends on both the nature of the raw material 
and the density of the product. The ratio of torsional to 
bending fatigue strength was 0-575.—R. A. R. 

Methods for Determining the Degree of Dispersion and the 
Specific Surface of Powders of Tungsten and Tungsten Car- 
bide. G.S. Kreimer, M. R. Vakhovskaya, O. S. Safonova, 
and E. E. Bogino. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Feb., pp. 159-167). [In Russian]. Experiments are des- 
cribed in which the degrees of dispersion and the specific 
surfaces of powders of tungsten and tungsten carbides pre- 
pared under varying conditions were determined by different 
methods. The first method depended on the measurement 
of the adsorption by the powder of methylene blue, both speed 
and extent of the process being utilized. In the second method, 
the fraction of a 5-g. charge of the powder oxidized in 3 min. 
by 100 ml. of boiling nitric acid was determined. The speed 
of decomposition of hydrogen peroxide by a sample of 
powder formed the basis of the third method, the final method 
depending on the measurement of the decrease in volume of a 
sample on baking.—-s. kK. 

A Method of Examination of Sections of Fine Metal Powder 
Particles with the Electron Microscope. L. Delisle. (American 
Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 2538: Journal of Metals, 1949, vol. 1, Mar., 
Section 3, pp. 228-232). A technique is described which can 
be applied to the study of sections of metal powder particles, 
less than 20 microns in dia., with the electron microscope, 
using a material such as Formvar or Parlodion for replicas. 
The procedure is explained and illustrations are given of 
results obtained for tungsten, carbonyl nickel, and carbony] 
iron powders.—J. C. R. 


PROPERTIES AND TESTS 


On the Development and Synthesis of Theories of the 
Strength of Materials. Ya. B. Fridman. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Feb., pp. 223-231). [In Russian]. 
The basic principles are set forth of the theory of the strength 
of materials proposed by the author from a consideration of 
earlier views developed by him in 1943. Examples are taken 
from recent literature published mainly in the U.S.S.R. to 
show in what ways experimental work has supported or 
contradicted this theory, and the limitations and modifica- 
tions which the experimental results suggest are discussed. 
Two main aims are suggested for future work in this field : 
the elucidation of the influence of a state of strain on the 
behaviour of metastable alloys; and the study of the effects of 
pronounced heterogeneity, tri-axial stress, and deformation 
on the mechanical properties of materials of different struc- 
ture.—s. K. 

Report of Committee on “ Mechanical Tests of Castings ” 
to the Spanish Iron and Steel Institute. (Instituto del Hierro 
y del Acero, 1948, vol. 1, Oct.—Dec., pp. 28-32). [In Spanish]. 
The aims of this committee are: To study the significance 
of the usual physical tests on normal castings of the cylinder- 
iron type, the effect of diameter of test bar (velocity of 
cooling, to which grey irons are specially sensitive) ; to 
fix the optimum sizes of test-pieces, and to specify the 
manner in which the pieces shall be taken from the castings 
to study and stress the importance of mass effect. 

In the discussion of the work of this committee it was 
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pointed out that, besides fixing the analysis and type of 
mould from which the test-piece be taken, when stipulating 
mechanical tests for castings, it was important to state the 
casting temperature. It was agreed that this was a desirable 
refinement.—R. s. 

Isotopes and Their Application in the Field of Industrial 
Materials. P. C. Aebersold. (Edgar Marberg Lecture: 
Proceedings of the American Society for Testing Materials, 
1948, vol. 48, pp. 527-554). After outlining four broad spheres 
of application of atomic energy, the production and _pro- 
perties of isotopes are discussed and some examples of radio- 
isotope techniques in industrial research problems are cited. 
The examples of a metallurgical nature include tracing the 
self-diffusion of metals in the solid phase, friction studies, 
and studies of adhesion and surface wetting.—R. A. R. 

Transverse Mechanical Properties in Heat Treated Wrought 
Steel Products. C. Wells and R. F. Mehl. (Transactions of 
the American Society for Metals, 1949, vol. 41, pp. 715-818). 
See Journ. I. and S.I., 1949, vol. 161, Mar., p. 268. 

Evaluation of the Plasticity of Metals and Alloys as Regards 
Conditions of Hot Shaping by Pressure. Iu. M. Chizhikov. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Feb., pp. 191-199). 
[In Russian]. The various indices of the ability of a metal to 
undergo plastic deformation are enumerated, and some of 
the present methods of estimating this property are con- 
sidered. The use of curves of plastic properties against 
temperature, and the comparison of plasticity by the twisting 
of hot specimens having been dealt with, examples are 
given of the use of the author’s new method, in which the 
specimen is rolled at a given temperature in a special roller 
to form a bar with the relative reduction increasing contin- 
uously along its axis. The plastic limit is indicated by the 
relative reduction corresponding to the place on the bar at 
which the first surface cracks appear. As typical illustrations, 
curves of plastic limit against temperature, obtained by the 
above method, are given for the following alloys and tempera- 
ture ranges: A high-alloy chromium-tungsten alloy with a 
considerable manganese content (850—1275° C.); a 30% chro- 
mium steel (850—1310° C.); a low-carbon steel (850—1310° C) ; 
and a chromium-nickel-molybdenum alloy (850-1250° C.). 
The conclusions that can be drawn from these curves as 
regards the best conditions for hot-forming operations are 
pointed out. Results obtained with the new method 
and other methods are compared for ball-bearing, high- 
speed, and corrosion-resisting steels. A classification which is 
based on the plastic limit of plasticity in the conditions of hot 
pressing and of ductility in rolling is given.—s. k. 

The Nature of Inclusions in Tensile Fractures of Forging 
Steels. H. D. Shephard and E. A. Loria. (Transactions of 
the American Society for Metals, 1949, vol. 41, pp. 375- 
395). See Journ. I. and 8.I., 1949, vol. 161, Feb., p. 161. 

A Method of Calibrating Extensometers. W. ©. Aber and 
F. M. Howell. (ASTM Bulletin, 1948, Dec., pp. 33-35). 
This method provides a suitable procedure for calibrating 
extensometers that are used primarily for the determination 
of tensile or compressive yield strengths, which have stress- 
strain curves that are not too steep at the yield strength. 
The method consists of stressing a special calibration bar, 
the modulus of elasticity of which has been previously 
determined, while the strainometer is mounted on the bar 
in the same manner as during a test. The stressing is carried 
out in the same manner as in making a tension or compression 
test, but the stress on the bar is kept well below the propor- 
tional limit. Load and strain are measured as in the tension 
or compression test ; if the extensometer being checked is 
of the autographic type, a load-strain curve is drawn, but if 
it is of the indicating type, simultaneous load and strain 
readings are determined and plotted. The slope of the line 
obtained is then compared with the precise modulus line and 
the degree of agreement is found. Time-saving comparison 
charts are described that enable calibrations to be made very 
quickly.—J. Cc. R. 

A Method of Determining the Percentage Elongation at 
Maximum Load in the Tension Test. P. G. Nelson and J. 
Winlock. (ASTM Bulletin, 1949, Jan., pp. 53-55). 

The Tensile Yield Strength of Certain Steels under Suddenly 
Applied Loads. F. V. Warnock and J. B. Brennan. (Pro- 
ceedings of the Institution of Mechanical Engineers, 1948, 
vol. 159, War Emergency Issue No. 37, pp. 1-10). Dynamic 
tensile yield stresses were determined for eight steels, in- 
cluding one mild steel, two plain carbon steels, two carbon- 
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manganese steels, one heat-treated alloy, and two cast 
steels. The dynamic loads were applied by means of an 
impact machine of the falling-weight type. An attachment 
was fitted to this machine to enable the peak load to be 
reached in 3 milli-seconds (0-003 sec.). Supplementary tests, 
in which the time to reach the peak load was 1 milli-second, 
were carried out on three of the steels. Electrical resistance 
strain gauges mounted directly on the specimens recorded the 
loads. Comparison with static values revealed an increase 
in yield stress of from 21%, to 36% for the carbon steels under 
dynamic loading. This increase diminished with increase in 
static yield strength. The annealed cast steels behaved in a 
similar manner to the carbon steels, but the heat-treated alloy 
steel showed no appreciable increase in yield strength with 
increase in rate of loading. The results are compared with 
the results of other investigators. A theory is put forward 
to account for the variation in sensitivity of yield strength to 
load rate. A division of tensile tests into three main types, 
on a basis of rate of loading, is suggested for future work. 

Rewks He. 

The Dynamic Yield Strength of Steel at an Intermediate 
Rate of Loading. A. F. C. Brown and R. Edmonds. (Pro- 
ceedings of the Institution of Mechanical Engineers, 1948, 
vol. 159, pp. 11-23). A comparison has been made between 
the dynamic and static tensile yield strengths of eight steels 
varying from mild steel to a heat-treated low-alloy steel, the 
rate of loading in the dynamic tests being such as would occur 
in a ship under the action of an underwater explosion. The 
dynamic yield strength of the steels with low static strength 
was 20°), to 30% greater than their static yield strength but, 
for the stronger steels, the increase was less, being negligible 
in the case of the heat-treated low-alloy steel. This result 
conforms with the findings of other investigators, and shows 
that any increase in strength under the dynamic loading 
considered is too small to be of importance in design. 

Testing Speed Limitations for Committee A-1 Specifications 
for Steel. L. H. Fry. (Proceedings of the American Society 
for Testing Materials, 1948, vol. 48, pp. 1130-1132). The 
necessity for stating the rate of strain when specifying the 
tensile strength of steel is pointed out.—R. A. R. 

Methods and Equipment for Controlling Speed of Testing. 
L. K. Hyde. (Proceedings of the American Society for 
Testing Materials, 1948, vol. 48, pp. 1191-1200). The rate 
of application of load and rate of travel of crosshead as 
methods of controlling the speed of tensile testing are dis- 
cussed. A device enabling the operater to control these 
two factors so as to obtain a predetermined uniform rate of 
straining throughout the elastic range, and as far as desired 
into the plastic range is described.—R. A. R. 

Welded Alloy Steel Plates Again Found Superior for Loco- 
motive Boilers. (Inco Magazine, 1948, vol. 22, Fall issue, 
pp. 15, 28: [Abstract] Metals Review, 1948, vol. 21, Nov., 
p. 10). Tests at Baldwin Locomotive Works revealed up to 
20,000 Ib./sq. in. greater tensile strength than welded carbon 
steel for nickel-steel plate containing 2-24°, of nickel. 

The Criterion of ‘ Yield’ of Gun Steels. J. L. M. Morrison. 
(Proceedings of the Institution of Mechanical Engineers, 1948, 
vol. 159, pp. 81-94). See Journ. 1. and S.I., 1948, vol. 159, 
June, p. 229. 

Navy Using Largest Test Machine. (Aviation Week, 1948, 
vol. 49, Nov. 8, p. 33; [Abstract] PERA Bulletin, 1949, 
vol. 2, Feb., p. 69). A brief description is given of a tensile 
testing machine which stands 47 ft. above the ground and 
has a maximum capacity of 5,000,000 Ib. The machine can 
be used for tensile, compression, and bend tests. 

An Experimental Study of the Influence of Various Factors 
on the Mode of Fracture of Metals. P. G. Jones and W. J. 
Worley. (Proceedings of the American Society for Testing 
Materials, 1948, vol. 48, pp. 648-663), see Journ. I. and S.I., 
1948, vol. 160, Sept., p. 114. 

Torsional Strength of Steel Tubing as Affected by Length. 
W. Le Fevre, jun. (Product Engineering, 1949, vol. 20, Mar., 
pp. 133-136). Torsional tests were made in a special apparatus 
on steel tubes with outside and inside diameters of 0+ 751 in. 
and 0-678 in., and in ten lengths from 0-08 in. to 23+54 in. 
Change of length does not affect the torsional strength of 
relatively thick-walled tubes with length/diameter ratios 
> 3-5. The maximum torque appears to be obtainable 
with specimens when the length is about half the diameter or 
shorter. It is concluded that, except for very short tubes, 
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length is not a parameter of the ultimate strength of rela- 
tively thick-walled tubes which are sufficiently stable to 
develop shear stresses within the plastic range of stress. The 
test results are compared with those in the literature.—R. A. R. 

On the Impact Behaviour of a Material with a Yield Point. 
M. P. White. (Journal of Applied Mechanics, 1949, vol. 16, 
Mar., pp. 39-52). An analysis is made of the results of longi- 
tudinal impact tests, carried out by D. S. Clark and P. E. 
Duwez, on an iron and a steel having definite yield points, 
and the probable nature of the stress-strain relations is 
deduced. These appear to differ greatly from the static 
stress-strain relations. The analysis indicates that, under 
impact, the material with a definite yield point is made 
harder at a given deformation, and ruptures at a higher stress 
and smaller strain than when loaded statically. 

The critical impact velocity (that at which nearly in- 
stantaneous failure occurs in tension), is discussed.—R. A. R. 

The Effect of Ferrite Grain Size on Notch Toughness. 
J. M. Hodge, R. D. Manning, and H. M. Reichhold. 
(American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 2553: Journal of Metals, 1949, 
vol. 1, Mar., Section 3, pp. 233-240). This is the first of a 
series of investigations of the factors governing notch tough- 
ness in ferritic materials; it deals with the effect of ferrite 
grain size and the effect of a 3-64% nickel content, other 
variables being held constant. A plain carbon steel (C 0-02°,) 
and a nickel steel (C 0: 02°, Ni 3-64°%) were used, both being 
fully killed with silicon without an aluminium addition so 
that the variable of deoxidation practice remained constant, 
and both being water quenched from 1200° F. and tempered 
24 hr. at 300° F. to hold the quench-ageing variable constant 
and to decrease the tendency for grain-boundary carbide 
precipitation. 

The following conclusions were reached : (1) The keyhole 
notch Charpy transition temperature of 0-02% carbon steels 
is a straight line function of the ferrite grain-size, the transi- 
tion temperature being raised 30° F. by an increase in ferrité 
grain-size of one A.S.T.M. grain-size number ; (2) the keyhole 
notch Charpy transition temperature is lowered 60° F. at a 
constant ferrite grain-size in 0-02°, carbon steels by alloying 
with 3-64°% nickel; (3) the room temperature impact value 
in the keyhole Charpy impact test for each steel is also a 
function of the ferrite grain-size, increasing as the grain-size 
decreases ; (4) at a given ferrite grain-size the room-tempera- 
ture impact value in the keyhole Charpy impact test is not 
affected by alloying with 3-64°% nickel. 

Attachment for Testing Springs for Compression and 
Extension in a Rockwell Apparatus. N. M. Stepanov- 
Grebennikov. (Zavodskaya Laboratoriya, 1949, vol. 15, Mar., 
pp. 378-379). [In Russian]. The construction, calibration, 
and use of an attachment for a Rockwell apparatus are 
described. It enables the instrument to be used for extension 
and compression tests of springs. The maximum lengths of 
spring with’which this device can deal are 150mm. and 100mm. 
for compression and extension respectively.—s. K. 

The Behaviour of Thin Sections under Impact Stress at 
Low Temperatures (Notch Impact Tests). A. Pomp and 
A. Krisch. (Mitteilungen aus dem Max-Planck-Institut fiir 
Eisenforschung: Archiv fiir das Eisenhiittenwesen, 1949, 
vol. 20, Jan.—Feb., pp. 19-25). To facilitate the selection of a 
small standard notched-bar specimen, test results on the 
German DVM specimen 55 x 10 xX 10 mm. were compared 
with data from specimens 55 x 6 X 3 mm., 45 X 6 X 3mm., 
and 27 xX 4 X 3 mm. and with sharp and with round-notch 
specimens of various heat-treated steels, some high in mangan- 
ese (1-80°,) and others containing chromium up to 1-54°,. 
Tests were made at temperatures between — 183° and +- 150°C. 
Inthe — 80° to + 150° C. range the three smaller specimens were 
much less temperature sensitive, and tests on them did not 
differentiate the steels as markedly as the DVM-specimen 
tests. There were no brittle fractures with the smaller 
specimens, and no temperature range with a sharp drop in 
the impact strength. At the highest testing temperature the 
10mm. wide DVM specimen showed the transition from 
tough to brittle fracture, and this transition temperature was 
reduced in the 5 mm. specimens, whilst the 2 and 1 mm. wide 
specimens had less and less impact strength with falling 
temperature, and there was no brittle fracture even at — 183°C. 

R. A. R. 

On the Use of Specimens Notched on Three Sides for the 

Dynamic Bend-Testing of Resilient Metals. V. P. Romanovskii. 
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(Zavodskaya Laboratoriya, 1949, vol. 15, Feb., pp. 210-213). 
{In Russian]. The influences on the results of impact tests of 
the shape and extent of the notch on the specimen are dis- 
cussed, and the use of bars having notches extending over 
three of the four sides is proposed for such tests on highly 
resilient metals. Impact-test results for specimens of a 
boiler steel containing 0-09% to 0-10° of carbon notched 
on one and on three sides are given, and the types of fracture 
obtained are compared. The behaviour of the bars notched 
in the proposed manner is explained in terms of the stresses 
and deformations produced in the region of the notches by 
the impact.—s. K. 

Residual Stresses and Microstructure in Hollow Cylinders. 
H. B. Wishart and R. K. Potter. (Transactions of the 
American Society for Metals, 1949, vol. 41, pp. 692-714). 
See Journ. I. and §.1., 1949, vol. 161, Mar., p. 269. 

Measurement of Residual Stresses by the Method of Cutting 
Out a Column. S. O. Tsobkallo and D. M. Vasilev. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Feb., pp. 199-207). [In 
Russian]. In the method of measuring residual stresses 
considered, a groove is cut in the specimen so as to form a 
column which is only attached to the body of the specimen 
at its base. A theoretical analysis is made of the released 
stresses in the column during the cutting of the groove, and 
the minimum depth of the column is also considered. The 
equations deduced in this analysis were experimentally 
verified by tests carried out on a series of steel plates 500 x 
100 x 8 mm., to which residual stresses were imparted by 
welding, and the behaviour of tensometers under prolonged 
load is discussed in connection with this investigation.—s. kK. 

Modern Development of the Photo-Elastic Method of 
Investigating Stresses. N. I. Prigorovskii. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Mar., pp. 305-321). [In Russian]. 
After an outline of the types of problem which can be solved 
by photo-elastic methods, some aspects of the practical 
application of this technique, on which comparatively little 
information is available in the literature, are examined. 
The first section of the paper deals with investigations in 
which plane models are used. The optical and mechanical 
properties of two model materials at 20°C. and 100°C. are 
tabulated, the determination of the optical-mechanical 
constants is described, and the experimental technique of 
stress investigation is outlined. Brief descriptions are given 
of the types of apparatus suitable for work with plane models. 
Investigations with solid models are considered in the second 
section, in which, after the laws of stress optics have been 
briefly dealt with, attention is given to the methods of 
freezing and of dispersed light. The freezing method is 
based on the use of a 2-phase model, one phase being soft at 
the temperature (80—110°C.) at which stress is applied. The 
model is cooled to room temperature, the stress being main- 
tained, and it solidifies, maintaining its deformations, which 
can then be studied after cutting-up. The various types of 
conditions of stress that can be studied by the freezing 
method are tabulated together with brief notes on the appro- 
priate measurements and the equations used for calculating 
the results. In the dispersed-light method the model is 
illuminated with a thin band of parallel rays of polarized 
light, the dispersed light being observed at right angles to 
the direction of these rays. An example of the use of this 
method is given.—s. K. 

Polarizing Apparatus IMASh-KB2 for the Investigation 
of Stresses. N. I. Prigorovskii and M. F. Bokshtein. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Mar., pp. 321-330). [In 
Russian]. A detailed description is given of a polarizirg 
instrument, produced in the U.S.S.R., having a working field 
130mm. india. Photo-elastic measurements which have been 
carried out with this instrument include the following: 
Determination of the difference between the main stresses 
at any point in the model ; determination of the coefficient 
of concentration; and determination of the direction of the 
main stresses at points in the model. The interpretation of the 
results of model experiments in terms of conditions in machine 
parts is considered, and their use for the evaluation and 
choice of design of such parts is discussed, an example being 
given. Factors influencing the accuracy of results obtained 
are dealt with.—s.x. 

Material for Models in the Photo-Elastic Method for 
Studying Stresses. NN. I. Prigorovskii, A. K. Preiss, and 
O. D. Slutsker. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 330-338). [In Russian]. The properties required 
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of a material for models for photo-elastic stress analysis are 
enumerated. Directions are given for the preparation of a 
satisfactory material by condensing phenol with formalde- 
hyde, drying the product with alcohol by boiling for approx. 1 
hr. and subsequently polymerizing and annealing in an oven 
with temperature control. The mechanical and _ optical 
properties of the material in relation to the duration and 
temperature of polymerizing and annealing are tabulated. 
The calibration of models of the material is described, and 
deformation and creep phenomena are considered.—s. K. 

Elastic and Plastic Deformation of Sheets Subjected to 
Uniformly Distributed Unilateral Stresses. C. F. Kollbrunner. 
(Schweizer Bauzeitung, 1947, vol. 65, Feb. 22, pp. 95-96). 

The Accurate Measurement of Photo-Elastic Stress Pat- 
terns. (National Physical Laboratory: Engineer, 1949, vol. 
187, Apr. 29, p. 458). The terms ‘ isochromatics’ and 
‘isoclinies ’ used in the examination of photo-elastic stress 
patterns are explained and a sensitive method for determining 
the fractions of a fringe is described. Instead of visually 
determining the minimum illumination at the point on the 
image where compensation is applied, a photocell and electro- 
meter valve are used. The photometer can be used for 
tracing isoclinics or for the determination of the principal 
stress directions at a particular point.—R. A. R. 

Photoelastic Analysis of Stresses in Crane Ladle Hooks. 
F. K. Chang, K. E. Knudsen, and B. G. Johnston. (Yearly 
Proceedings of the Association of Iron and Steel Engineers, 
1948, pp. 89-96). See Journ. I and 8.1., 1948, vol. 159, June, 
». 220. 

Mathematical Explanations of Fractures which Are Due to 
Premature Decohesion. F. K. Th. Van Iterson. (Journées 
Internationales Ge Soudure, Brussels, 10 June, 1948: Revue 
de la Soudure /Lastijdschrift, 1948, vol. 4, No. 4, pp. 207-209). 
The author discusses mathematically the stresses present in 
metals and the effect of plastic working on these stresses. 

R. F. F 

Mechanical Behaviour of Polycrystalline Metals; Analogy 
of Embrittling Factors. R. Castro and A. Gueussier. (Comptes 
Rendus, 1949, vol. 228, No. 16, Apr. 20, pp. 1339-1341). 
Impact flexion tests, in which the temperature and the 
triaxiality of the stresses were varied, were made on one low- 
carbon steel, four low-alloy steels and one high-chromium, 
low-nickel steel of very varying composition, and in different 
conditions of heat-treatment. The curves were all similar, 
and only those for the low-carbon steel are shown ; resilience 
temperature and resilience/specimen-width curves are repro- 
duced (the width was varied as a convenient means of varying 
the triaxiality of the stresses), and an analogy with the 
variation of the specific work of rupture as a function of the 
triaixality or the inverse of the temperature can be seen. 
There is a perfect analogy between the three parameters 
triaxiality, initial rate of deformation, and the inverse of the 
temperature, and these the authors call embrittling factors ; 
the interrelations of these factors are discussed.—A. FE. Cc. 

The Effect of Annealing in the Continuous Furnace on the 
Strength Properties of Deep-Drawing Steel Strip with Different 
Pretreatments. E. Schauff. (Stahl und Eisen, 1949, vol. 69, 
Jan. 20, pp. 49-53). Comparisons were made between the 
properties of strip of 0°05°, carbon Bessemer steel and 
0-07%, open-hearth steel. The degree of reduction (50% and 
80%) had little effect on the properties of the open-hearth 
steel. The optimum properties were obtained after annealing 
at 850° C. The open-hearth steel, but not the basic-Bessemer 
steel, could be used after annealing at 750° or 950° C. 
Changes in speed, in the 1 to 3 m./min. range, at which the 
strip passed through the furnace had little effect ; the best 
elongation and Erichsen test results were obtained at 2 m./ 
min. using a furnace with a long cooling muffle.—nr. A. R. 

Obtaining Fatigue-Test Data. J. A. Sauer and P. K. Roos. 
(Machine Design, 1948, vol. 20, Oct., pp. 115-117, 158-162). 
The Sonntag fatigue-testing machine has a centrifugal-force 
oscillator with built-in inertia-force compensator. Its ability 
to superimpose alternating forces of constant amplitude 
in tension-compression, bending or torsion on any desired 
static preload, means that it is a very useful machine. Some 
jigs and grips for this machine are described and illustrated, 
and investigations of the effect of oscillations on the loosening 
of bolts and nuts are described.—R. A. R. 

Some Characteristics of Residual Stress Fields during 
Dynamic Stressing Above the Endurance Limit. J. B. Duke. 
(Proceedings of the American Society for Testing Materials, 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








110 ABSTRACTS 


1948, vol. 48, pp. 755-766). See Journ. I and S.1., 1948, vol. 
160, Sept., p. 115. 

The Fatigue Life of Components of Shafts under Super- 
imposed Alternating Bending and Torsional Stresses. 0. 
Puschner. (Schweizer Archiv, 1948, vol. 14, Aug., pp. 217- 
229). Jsing a modified Schenck fatigue-testing machine 
described in an earlier paper (see Journ. I, and_ S.I., 1947, 
vol. 156, Aug., p. 585), the author carried out a combination 
of bending and torsional fatigue tests on smooth, stepped, and 
keyed specimens of a 0-44% carbon steel and a heat-treated 
manganese-silicor steel (C 0-40%, Mn 1-08%, Si 1-20%). 
The conclusions were: (1) The elliptical relationship between 
the shear stress and the simultaneously operative normal 
stress was confirmed in the case of smooth specimens; in 
these conditions, the ratio of torsional to bending fatigue 
strength was in accordance with the hypothesis of constant 
elastic deformation force. (2) With stepped specimens (i.e. 
shoulders 28 mm. and centre portion 16 mm. in dia.) the 
curve deviated slightly from the true ellipse which is obtained 
in bending alone or torsion alone. (3) The hg urve for specimens 
with an open keyway (5 mm. wide x 2-2 mm. deep) was in 
two parts ; when a shear stress of up to about 15% of the 
bending stress was superimposed, there was no drop in the 
fatigue life determined in bending without torsion; with 
greater superimposed shear stress the fatigue life fell rapidly 
to zero for torsion alone. (4) With a keyed joint the limiting 
curve consisted of a combination of two ellipses, but these 
could be replaced by a single ellipse without too great a 
sacrifice of accuracy. (5) On the basis of a comparison of his 
results with those in the literature for bending alone and 
torsion alone, the author finds that the two steels behaved 
normally and this justifies the application of his results to 
almost all other steels.—n. A. R. 

The Relationship between the Hardness and Machinability 
of Cast Irons. G. Joly. (Fonderie, 1948, Oct., pp. 1360- 
1361). Factors affecting the hardness and machinability of 
cast irons are briefly analysed.—s. c. R. 

The Preparation of Specimens from Silver Chloride for the 
Photo-Elastic Study of Stresses. S. O. Tsobkallo. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Mar., pp. 338-345). [In 
Russian]. The properties of silver chloride which make it a 
suitable material for models in photo-elastic methods of stress 
analysis are discussed. Methods are described by which poly- 
crystalline plates of silver chloride 1 grain in thickness are 
prepared in a horizontal crystallization apparatus, a vertical 
apparatus being used for preparing transparent ingots. The 
flow of silver chloride through dies of various shapes and 
dimensions under pressure was investigated, other processes 
relating to this substance studied being the recrystallization 
of pressed ribbons and the recrystallization of the polycrystal- 
line form after plastic deformation by compression.—s. K. 

Plastic Bending. V.P.Romanovskii. (Zavodskaya Labora- 
toriya, 1948, vol. 14, Dec., pp. 1456-1461). [In Russian]. 
The process of plastic bending is theoretically examined for 
specimens of various thicknesses and for different radii of 
curvature of the bend. The need for considering this process 
as a three- rather than a two-dimensional phenomenon is 
pointed out, and the approximations necessary for the appli- 
cation to it of diagrams of true stress are discussed. Equa- 
tions are proposed which can be used for the calculation of 
the value of the minimum permissible radius of curvature for 
plastic bending. These equations allow for the displace- 
ment of the neutral axis towards the centre of, curvature, a 
factor which must also be considered in the calculation of 
deformation and of bending moments.—s. K. 

New Method for Investigation of Plastic Deformation. 
N. 8. Akulov and N. Z. Miryasov. (Journal of Technical 
Physics, U.S.S.R., 1948, vol. 18, Mar., pp. 389-394 [in 
Russian]: [Abstract] Metals Review, 1948, vol. 21, Nov., 
p. 34). A method is described which is very sensitive and 
gives a more complete picture of plastic deformation in ferro- 
magnetic crystals and polycrystals than is obtained by 
X-ray methods. It consists in precipitation in polished 
surfaces of magnetized particles from suspension in alcohol. 
The particles assume a pattern which indicates the zones of 
plastic deformation or heterogeneity. 

Plastic Stress-Strain Relations. W. M. Shepherd. (Pro- 
ceedings of the Institution of Mechanical Engineers, 1948, 
vol. 159, pp. 95-114). The author derives stress-strain rela- 
tions which are applicable to problems in which the elastic 
and plastic strains are of comparable magnitude. Two 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


alternative criteria are used, one based on the Mises-Henc sky 
function, and the other on the maximum shear stress. Shear- 
stress/shear-strain curves are deduced from tensile stress- 
strain curves, and the result is in one case compared with 
experiment. The problem of a thin tube strained in tension 
beyond the onset of plasticity and then subjected to an 
increasing torque is considered, and the tensile and shear 
strains due to the torque are found. A result relating to 
the energy lost in plastic straining is obtained. 

Mechanical Properties, Including Fatigue, of Aircraft Alloys 
at Very Low Temperatures. J. L. Zambrow and M. G. 
Fontana. (Transactions of the American Society for Metals, 
1949, vol. 41, pp. 480-518). See Journ. I. and S8.I., 1949, 
vol. 161, Mar., p. 273. 

Dynamic Calibration Method Uses Modified Proving Ring. 
R. C. A. Thurston. (ASTM Bulletin, 1948, Oct., pp. 50-52). 
The method described employs a Morehouse Proving Ring to 
measure dynamic load. This is an elastic steel ring, designed 
primarily for measuring static loads by micrometer measure- 
ment of the ring’s deflection, which is modified by replacing 
the vibrating reed with a spring-loaded plunger having double 
electrical contacts for indicating purposes. This permits 
measuring both maximum and minimum load in tension and 
compression. An illustrated account of the application of 
the ring for the calibration of Avery and Sonntag direct-stress 
fatigue machines is given. 

Effect of Fatigue on Tension-Impact Resistance. W. H. 
Hoppmann, jun. (ASTM Bulletin, 1948, Dec., pp. 36—338). 
The possibility of using the high-velocity tension-impact 
test to determine the loss of impact resistance caused by 
fatigue in metals, is indicated. Tension specimens were cut 
from a low-carbon steel plate in a known fatigue condition 
and subjected to impact tests at various velocities up to 
120 ft./sec. Energy and total elongation as functions of 
impact velocity are given in the form of graphs. The data 
show that the tension-impact test at moderately high velocities 
may have considerable — in studies of fatigue damage to 
structures in service.—J. C. R. 

Magnetic Measurements on Fatigue-Stressed Steel Speci- 
mens. K. Fink and M. Hempel. (Mitteilungen aus dem 
Max-Planck-Institut fiir Eisenforschung, Report No. 487: 
Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.-Fob., 
pp. 75-78). An apparatus for measuring and recording the 
changes in magnetic induction of steel specimens during 
bending-fatigue tests is described, and the results of tests on a 
0-4°% carbon steel in the annealed and heat-treated conditions 
are presented. The results indicated that these changes 
depend upon the material, the heat-treatment, the degree of 
magnetization, the load, and the test duration. Magnetic 
measurements alone cannot provide an explanation of the 
causes of fatigue failure. The possibility of developing a 
short-time magnetic method of determining fatigue strength 
is considered.—R. A. R. 

A Hypothesis for the Determination of Cumulative 
Damage in Fatigue. IF. E. Richart, jun., and N. M. Newmark. 
(Proceedings of the American Society for Testing Materials, 
1948, vol. 48, pp. 767-800). It has been impossible to predict 
the endurance of a machine part subjected to numerous 
cycles of different repeated stresses which are above the 
endurance limit stress. This paper presents a hypothesis 
for the determination of the endurance of a material under 
any arbitrary overstress-cycle pattern.—R. A. R. 

Fatigue and Static Load Tests of an Austenitic Cast Iron at 
Elevated Temperatures. W. L. Collins. (Proceedings of the 
American Society for Testing Materials, 1948, vol. 48, pp. 
696-708). Repeated load and short-time static load tests of 
unnotched and notched spec simens machined from large 
plates of one heat of a 15% nickel, 7% copper, 2% chromium 
cast iron (for use at high temperatures) are reported. Very 
little difference between the static tensile strengths of un- 
notched and notched specimens was observed at any tem- 
perature between 65° and 1100° F. The endurance limits 
for unnotched and notched specimens for completely reversed 
cycles of bending stress were determined at 65°, 400°, 700°, 
900°, and 1160° F. The endurance limits for the two types of 
specimen varied only slightly at each temperature when the 
net cross-section was used in computing the stress in the 
notched specimens.—R. A. R. 

Some Aspects of the Effect of Metallurgical Structure on 
Fatigue Strength and Notch-Sensitivity of Steel. T. J. Dolan 
and C. 8. Yen. (Proceedings of the American Society for 
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Testing Materials, 1948, vol. 48, pp. 664-695). A study was 
made to determine the extent to which certain changes in 
metallurgical structure (produced by different heat-treat- 
ments) affected the fatigue strength and notch sensitivity of 
several steels. In general, the steels cooled rapidly by 
quenching exhibited higher yield ratios, slightly higher en- 
durance ratios, and less notch-sensitivity in fatigue than the 
same steels slowly quenched and tempered. Essential 
differences in the structural actions occurring in a fatigue test 
and in a singe-blow notched-bar impact test are pointed out. 

RB. As B. 

X-Ray Investigation of Residual Stresses of Types II and III 
during Fatigue Testing of Steel. Yu. S. Terminasov. (Journal 
of Technical Physics, U.S.S.R., 1948, vol. 18, Apr., pp. 517— 
523 [in Russian|: [Abstract] Metals Review, 1948, vol. 21, 
Nov., p. 30). The author deals with X-ray criteria of the 
fatigue limit ; the proposed criterion is the abrupt variation 
of intensity of the X-ray lines corresponding to the appearance 
of third-order residual stresses, which takes place only after 
the fatigue limit has been attained. 

Approximate Statistical Method for Fatigue Data. R. E. 
Peterson. (ASTM Bulletin, 1949, Jan., pp. 50-52). An 
account is given of an approximate statistical method for 
analysing fatigue data where the data do not show a limit 
(i.e., where the specimens do not fail), or for the sloping portion 
of endurance-limit curves.—J. Cc. R. 

Electric Current Conduction Tests.- Fifth Progress Report 
on Non-Destructive Testing of Drill Pipe. L. R. Jackson, 
H. M. Banta, R. C. McMaster, and T. P. Nordin. (Drilling 
Contractor, 1948, vol. 4, Aug. 15, pp. 68-72: [Abstract] 
Metals Review, 1948, vol. 21, Nov., p. 38). Preliminary 
results are given of exploratory trials of an electric-current- 
conduction type of non-destructive test for detection of 
fatigue cracks. Tests indicate that the method has some 
promise for checking the extent and depth of cracks revealed 
by magnetic particle inspection, without the necessity for 
grinding or filing such areas excessively. It does not appear 
to be readily suited for overall inspection of drill pipe with 
dirty or scaled surfaces. 

An End-Quenched Bar for Deep Hardening Steels. G. 
DeVries. (Transactions of the American Society for Metals, 
1949, vol. 41, pp. 678-691). See Journ. I. and §8.1., 1949, 
vol. 161, Mar., p. 269. 

Apparatus for Hardness Testing by Making an Impression 
under a Load of 1 to5 kg. E. 8S. Berkovich. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Feb., pp. 217-222). [In Russian]. 
An apparatus for hardness testing of tubes of dia. < 130 mm. 
in which an impression is produced by a 130° diamond 
pyramid of square base loaded at 1—5 kg. is described. The 
apparatus can either be fixed to the part being tested or be 
used as a laboratory fixture. The load on the pyramid is 
produced by a spring mechanism, and the method of calibra- 
tion is given. The accuracy of the results obtained with this 
apparatus on materials of various hardnesses is considered 
and examples of its application for tests at room and at high 
temperature are given.—s. K. 

On the Introduction of a New Scale of Hardness. M. M. 
Khrushchov. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Feb., pp. 213-217). [In Russian]. Some disadvantages of 
the classification of hardness according to the scale of Mohs 
are considered, and a new scale of hardness is proposed on 
the basis of data obtained in a series of pyramid micro- 
hardness tests on materials which included the reference sub- 

stances of the Mohs’ scale. According to the proposed scale, 
the hardness class is given by the product of 0-7 and the 
cube root of the microhardness number in kg./sq. mm. The 
hardness classes of the Mohs reference substances by the 
new scale are given as well as those of some materials of hard- 
ness between that of tungsten carbide and a diamond.—-s. kK. 

Pseudo Flakes in High-Speed Steels. Their Origin and 
Effect on the Temper Hardness of Such Steels. E. Orosco. 
(Boletim da Associagéo Brasileira de Metais, 1948, vol. 4, 

July, pp. 300-332 ; [Abstract] Metals Review, 1948, vol. 21, 
Nov., p. 14). Results of investigations are reported. A theory 
is presented on the origin of pseudo flakes based on the 
literature and data obtained. 

Reflections on Yielding and Ageing of Mild Steel. J. H. 
Palm. (National Aeronautical Research Institute, Amster- 
dam; Metalen, 1949, vol. 3, Jan., pp. 97-106; Feb., pp. 
120-126). [In English]. The phenomena of discontinuous 
yielding and strain-ageing are discussed. It is shown that 
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these phenomena cannot be attributed to precipitates in or 
around the ferrite crystals, but must be due to carbon and 
nitrogen in solution in the lattice. It is suggested that dis- 
continuous yielding is related to a mechanism of carbon and 
nitrogen diffusion in the lattice during elastic straining 
causing unlocking of the slip planes, 7.e., a decrease in the 
initial critical shear stress. After plastic deformation the 
slip planes remain unlocked because of internal stresses ; the 
slip planes therefore relock when the internal stresses diminish 
or vanish during ageing. It is suggested that, as far as the 
continuous part of the strain-stress curve is concerned, 
strain-ageing is caused by migration of carbon and nitrogen 
to the zones with an imperfect lattice (zones of slip) in which 
solubility is increased. Over-ageing will then be due to 
restoration of the perfect lattice, 7.e., to recrystallization. 
There are 64 references.—R. A. R. 

Dislocation Theory of Yielding and Strain Ageing of Iron. 
A. H. Cottrell and B. A. Bilby. (Proceedings of the Physical 
Society, 1949, vol. 62, Section A, Jan. 1, pp. 49-62). A theory 
of yielding and strain-ageing of iron, based on the segregation 
of carbon atoms to form atmospheres round dislocations, is 
developed. The form of an atmosphere is discussed and the 
force needed to release a dislocation from its atmosphere is 
roughly estimated and found to be reasonable. The depen- 
dence on temperature of the yield point is explained on the 
assumption that thermal fluctuations enable small disloca- 
tion loops to break away ; these loops subsequently extend 
and cause yielding to develop catastrophically by helping 
other dislocations to break away. The predicted form of the 
relation between yield point and temperature agrees closely 
with experiment. 

Strain-ageing is interpreted as the migration of carbon 
atoms to free dislocations. The rate of ageing depends upon 
the concentration of carbon in solution, and the estimated 
initial rate agrees with experiment on the assumption that 
about 0-003°% by weight of carbon is present in solution. 

Dissolved Carbon and Nitrogen Causes of Discontinuous 
Yielding and Strain Ageing of Mild Ferritic Steel. J. H 
Palm. (De Ingenieur, 1948, No. 27, Materialenkennis 7, 
Reprint). Theories regarding yield and strain-ageing are 
discussed. In particular Snoek’s theory explaining the 
yield phenomenon is summarized. Evidence is cited which 
supports the view that strain-ageing cannot be attributed 
to the precipitation of carbide and nitride from supersaturated 
ferrite.—R. A. R. 

Abrasion Resistance of Metals. R. D. Haworth, jun 
(Transactions of the American Society for Metals, 1949, vol. 
41, pp. 819-869). See Journ. I. and S8.1., 1949, vol. 162, 
May, p. 121. 

Fluorescent Crack Detection for Industrial Control. M. 
Ya. Fuks. (Zavodskaya Laboratoriya, 1949, vol. 15, Mar., 
pp. 295-298). [In Russian]. The following method of 
detecting defects, which is said to have given satisfactory 
service under industrial conditions for the testing of com- 
ponents of austenitic steel, is described. The test-piece is 
immersed in a mixture of mineral aviation oil with 
kerosene at 80-—90° C. for 10—15 min., and, after removing, 
is cleaned with a 5°, solution of soda ash in water at 35 
40° ©. After drying, the surface of the test-piece is thoroughly 
covered with fine magnesia powder, the excess of which is 
removed after 15—20 min. by shaking or tapping. On expos- 
ing the surface to ultra-violet radiation in darkness, the oil, 
which has been drawn to the surface from inside the cracks 
by the powder, causes these to glow with a blue light. A 
special ultra-violet radiation source for this purpose is 
described, and the results are illustrated and compared with 
those obtained by the magnetic-suspension method. The 
advantages and disadvantages of the fluorescent method are 
enumerated.—s. K. 

Solenoid for Strong Fields. I. M. Puzei. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Feb., pp. 176-182). [In Russian]. 
A solenoid is described which is capable of giving fields of 
7300 and 14,000 oersted with voltages of 110 and 220 re- 
spectively. The solenoid is cooled with transformer oil, is 
simply constructed and is suitable for metallurgical research. 

SX. 

The Magnetic Properties of the Nickel—Iron Alloys. (Mond 
Nickel Co., Ltd., 1949, Feb., Pamphlet). This is a comprehen- 
sive review of the magnetic properties of nickel—iron alloys with 
illustrated descriptions of a wide variety of their applications. 

Walt. 
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Magnetization by the Method of Rolling in Magnetic Defec- 
toscopy. A. I. Piskunov. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Feb., p. 242). [In Russian]. The use of an electro- 
magnet of roller design in magnetic defectoscopy is described. 
This method is particularly suitable for the inspection of 
large parts since the magnet is easily rolled over the surface 
and only magnetizes the surface layer.—s. kK. 

Apparatus for the Magnetic Control of Track Pins. A. I. 
Piskunov. (Zavodskaya Laboratoriya, 1949, vol. 15, Feb., 
p. 243). [Im Russian]. A compact apparatus is described 
in which the quality of track pins can be rapidly tested by 
measurement of coercive force.—s. K. 

Ferrometer with Vibrating Circuit-Breakers. A. L. Goflin. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Feb., pp. 244-246). 
[In Russian]. The design is discussed of a simple apparatus 
with vibrating phase-regulating circuit-breakers with the aid 
of which magnetization curves of specimens of any closed 
shape can be obtained with an accuracy of 3% to 5%. An 
example of the hysteresis curves obtained with this apparatus 
is given.—s. K. 

Radiography as a Foundry Tool. J. B. Caine. (Foundry, 
1949, vol. 77, Jan., pp. 68-69, 180-181, 184, 186). The 
applications of radiography for detecting internal cracks in 
castings are discussed.—J. C. R. 

Chart for Linear Expansion of Materials. (Tool Engineer, 
1948, vol. 21, Oct., pp. 34-35: [Abstract] Metals Review, 
1948, vol. 21, Nov., p. 8). Coefficients of expansion are given 
for silver, aluminium, brass, bronze, cast iron, copper, glass, 
lead, tin, and five types of steel. An expansion table for steel 
covering dimensions from 7 in. to 5 in., and temperature 
variations of 5° to 50° F. is also given. 

Short-Time High Temperature Deformation Characteristics 
of Several Sheet Alloys. J. Miller and G. Guarnieri. (Trans- 
actions of the American Society for Metals, 1948, vol. 41 
pp. 167-193). See Journ. I. and 8.I1., 1949, vol. 161, Apr., 
p. 389. ; 

Stability of Steels at Elevated Temperatures. A. B. Wilder 
and J. O. Light. (Transactions of the American Society for 
Metals, 1949, vol. 41, pp. 141-166). See Journ. I. and S§.I1., 
1949, vol. 161, Apr., p. 389. 

Bench Machine for Testing Metals for Creep Strength. 
M. P. Markovets and N. I. Mikheev. (Zadovskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 376-378). [In Russian]. A 
description is given of a machine for prolonged high-tem- 
perature tests under load of comparatively small specimens of 
metals. The maximum load and temperature are 800 kg. 
and 900° C., respectively, and the machine is sufficiently light 
and compact for accommodation on a bench. Results ob- 
tained for a steel using this machine are compared with those 
obtained with a large machine.—s. kK. 

High-Temperature Properties of Rotor Disks for Gas 
Turbines as Affected by Variables in Processing. J. W. 
Freeman, H. C. Cross, E. E. Reynolds, and W. F. Simmons. 
(Proceedings of the American Society for Testing Materials, 
1948, vol. 48, pp. 555-590). The fabrication procedures and 
heat-treatment of 24 gas-turbine rotor discs of eight heat- 
resisting alloys are given, and their deformation characteristics 
at 1200°, 1350°, and 1500°F. are reported. The materials 
were high alloy chromium-nickel steels, some having additions 
of molybdenum and/or tungsten, as well as Inconel-X. 
Properly hot and cold worked or as-forged materials, except 
for Inconel-X, have the best pr operties up to 1200° F. Low 
ductility in the rupture test accompanies severe hot and cold 
work. At 1350° F. solution-treated and aged materials have 
properties equal to or better than the hot and cold worked 
and forged materials, and at 1500° F. are definitely superior. 

R. A. R. 

Creep Tests on Some Unalloyed Basic-Bessemer Steels 
and High-Alloy Heat-Resisting Steels at 500° to 900°. A. 
Pomp and A. Krisch, (Mitteilungen aus dem Max-Planck: 
Institut fiir Eisenforschung, Report No. 490: Archiv fiir 

das Eisenhiittenwesen, 1949, vol. 20, Mar.—Apr., pp. 125-134). 
Creep tests in the 500—-900° C. range lasting over 1000 hr. 
were made on three plain carbon steels (C 0-04%, 0-21%, 
and 0+23%), three chromium steels (Cr 6°, 18° and 249/). 
and 19/14, 22/6, and 25/18 austenitic chromium— nickel steels. 
Of the many methods used to evaluate the creep strength, 
the following three were considered most suitable: (a) The 
load which produced a strain rate of 1 x 10-*% /hr. between 
900 and 1000 hr.; (6) the load causing 0-20; permanent 
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elongation in 1000 hr.; (¢) as a short-time test, the load 
producing a strain rate of 3 x 10-4%/hr. between 35 and 
100 br. These three methods gave creep strengths for the 
unalloyed steels of 4-8 kg./sq. m. at 500°C. and only 
0-35-3 kg./sq. mm. at 600°C., but no explanation of this 
difference was found. The 6% and 18% chromium steels 
decreased in creep strength from 2 kg./sq. mm. at 600° to 
0-5 and 0-7 kg./sq. mm. respectively at 800°C., whilst the 
24%, chromium steel had a somewhat lower creep strength at 
700° C. than the steels with less chromium. Of the austenitic 
steels the 19/14 steel at from 700° to 900° C, (8 and 1-8 kg./sq. 
mm. respectively) was much superior to the others. The 
25/18 steel at 800° C. was no better than the chromium steels. 
There was evidence that, at low loads, tests of very long dura- 
tion are necessary. Time-elongation curves plotted on a 
double logarithmic scale are parabolic for only a short period, 
and quite false values may result from extrapolating the 
data from 100-hr. tests to 1000 hr.—nr., A. R. 


An Interrupted Creep Test. Influence of Interruption of 
Heating and of Application of Load on the Process of Creep. 
L. Matteoli and B. Andreini. (Metallurgia Italiana, 1947, 
vol. 39, Mar.-Apr., pp. 71-81: [Abstract] Metals Review, 
1948, vol. 2 


load were investigated for s eel containing C 0-20°,, 
Mn 0-71%, Cr 0-78%, Mo 0- A 150-hr. and a 1000- ae 
test at 500° C. were applied. 


Influence of Elements on the Characteristics of Steels. 
J. V. Lopez. (Anales de Mecanica y Electricidad, 1949, 
vol. 25, Jan._Feb., pp. 11-22). [In Spanish]. This part of a 
series of articles deals with tin, phosphorus, and hydrogen 
which are detrimental to the quality of iron and must be 
considered as impurities. The effect of phosphorus in in- 
creasing elastic limit and resistance to corrosion, and of 
Steadite in conferring increased fluidity and higher wear 
resistance are pointed out. The adverse effect of hydrogen 
in promoting cracks, brittleness, and porosity is shown. 
The bibliography refers to British and German work.—k. s. 

Influence of Elements on the Characteristics of Steels. 
J. V. Lopez. (Anales de Mecanica y Electricidad, 1949, vol. 
25, Mar.—Apr., pp. 83-93). [In Spanish]. Continuation of a 
series of articles (see preceding abstract). After mentioning 
the mechanical, electrical, and magnetic properties of pure 
iron, the effect of manganese on iron is dealt with, 7.e., in- 
creased tensile strength, improved ductility, and countering of 
detrimental effects of sulphur on forging.—r. s. 

Effect of Vanadium on the Properties of Cast Carbon and 
Carbon-—Molybdenum Steels. N. A. Ziegler, W. L. Meinhart 
and J. R. Goldsmith. (Transactions of the American Society 
for Metals, 1949, vol. 41, pp. 565-608). See Journ. I. and 
S.I., 1949, vol. 161, Mar., p. 272. 

Reduction in the Number of Repetitive Mechanical Tests 
in the Control of Finished Rolled Steel. E. S. Glikman and 
I. A. Medvedev. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Feb., pp. 234-236). [In Russian]. A change in sampling 
methods for the control-testing of steel sheet in the finished 
state is proposed and the recording of the results is con- 
sidered.—s. K. 

Tool Steel. F. van Wijk. (Centraal Instituut voor Materiaal 
Onderzoek, Afdeling Metalen, 1949, Feb., Circular No. 2, 
pp. 10-13). [In Dutch]. A brief survey of tool steels is 
made with special reference to the martempering, austem- 
pering, and sub-zero treatments. The classification of the 
Carpenter Steel Co. is given and is preferred to classification 
by analyses.—Rr. A. R. 

Further Postwar Tool Steel Developments. R. A. Cary. 
(Tool and Die Journal (U.S.A.), 1949, vol. 14, Jan., pp. 56-60: 
Z.D.A. Abstracts, 1949, vol. 7, Feb., p. 19). A medium carbon 
alloy die steel suitable for die-casting dies is described. This 
steel can be machined at a hardness level of 300 Brinell which 
is equal to or greater than the hardness of most conventional 
die steels when heat-treated. The die steel is heat-treated 
after machining, and has a long life owing to its ability 
to resist the peening action of chilled metal. A 
typical example of the use of this die steel is given; after 
1,000,000 casts of a zine die-casting alloy the surface condition 
was similar to that of the more highly alloyed inserts in a 
conventional die material. A high-alloy tool steel is also 
described. 
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Steels and Alloys for Tools. L. Sanderson. (Toolmaker, 
1948, vol. 2, Sept., pp. 400-404: [Abstract] PERA Bulletin, 
1949, vol. 2, Feb., p. 78). This article is the first part of a 
discussion on carbon tool steels. Tables are given showing 
different qualities and the tools for which they are suitable. 
Finally, the heat-treatment of these steels is dealt with. 

Steels and Alloys for Tools. L. Sanderson. (Toolmaker, 
1948, vol. 2, Oct., pp. 450-453: [Abstract] PERA Bulletin, 
1949, vol. 2, Mar., p. 132). The heat-treatment of carbon 
tool steels is reviewed and a table is given of tempering 
temperature allied to the purpose for which the tool is 
destined. 

Steels and Alloys for Tools. L. Sanderson. (Toolmaker, 
1948, vol. 2, Nov., pp. 499-502: [Abstract] PERA Bulletin, 
1949, vol. 2, Apr., p. 192). In this article, the author deals 
with high-speed steels. After a short general introduction 
the uses and heat-treatment of three typical straight carbon 
steels are discussed and mention is made of some precautions 
which must be taken to obtain good results. 

The Microstructure and Mechanical Properties of Cast Steels. 
M. F. Hawkes and B. F. Brown. (Transactions of the Ameri- 
can Society for Metals, 1949, vol. 41, pp. 519-564). See 
Journ. I. and 8.1., 1949, vol. 161, Mar., p. 272. 

Influence of Low Temperatures on the Mechanical Pro- 
perties of 18-8 Chromium-—Nickel Steel. D. J. McAdam, jun., 
G. W. Geil, and F. J. Cromwell. (Transactions of the Ameri- 
can Society for Metals, 1949, vol. 41, pp. 609-646). See 
Journ. I. and §.I., 1949, vol. 161, Mar., p. 273. 

The Metallography and Heat Treatment of 8 to 10%, 
Nickel Steel. G. R. Brophy and A. J. Miller. (Transactions 
of the American. Society for Metals, 1949, vol. 41, pp. 1185- 
1203). See Journ. I. and 8.I., 1949, vol. 161, Feb., p. 164. 

On the Mechanical Properties of Forgings in Steels Con- 
taining Low Percentages of Nickel, Chromium, and Molyb- 
enum. R. Potaszkin. (Société Frangaise de Métallurgie, 
Oct. 20, 1948: Revue de Métallurgie, Mémoires, 1949, 
vol. 46, Mar., pp. 125-140). The mechanical properties of 
three structural steels containing small quantities of nickel, 
chromium, and molybdenum, the compositions of which 
corresponded to those of American National Emergency 
Steels Nos. 8627, 8735, and 9945 were determined on forged 
pieces, 25, 50, 100 and 200 mm. in dia. after various heat- 
treatments. The results are presented graphically. The 
effect of mass was to decrease the elastic limit, tensile strength, 
and ratio of the former to the latter with increasing section, 
particularly in bars of diameter between 25 and 50 mm. 
The variations of the elongation and reduction of area were 
not pronounced above a certain section. The mass effect 
was more accentuated after oil-quenching than after water- 
quenching and decreased with increasing tempering tem- 
perature. The maximum section for each steel that can be 
quenched without cracking in water in the ordinary way or 
by a retarded treatment and the thermal treatments 
producing the highest elastic limit and toughness values 
are given. The best results were obtained by quenching small 
bars in oil and larger ones in water. The “ retarded ” 
water-quench was very suitable for the steels with higher 
carbon contents. By using certain conventions, the three 
steels are compared with Cr—Mo, Ni-Cr—Mo, Cr—Mn, and Cr- 
Mn-V steels, and classified in relation to these latter according 
to their elastic limits and toughness for equivalent tensile 
stresses.—A. E. C. 

Izod, Tensile and Hardenability Tests on Some Aircraft 
Steels of Australian Manufacture. A. R. Edwards and F. G. 
Lewis. (Council of Scientific and Industrial Research [Austra- 
lia], 1948, Jan., Aeronautical Research Report ACA-38). 
The report deals chiefly with the Izod impact properties of 
Australian manufactured steels SAE 4140 (C 0-4%, Cr 
0-80-1-80%, Mo 0-15-0:25%), SAE 2330 (C 0°3%, Ni 3-25 
-3-75%), BSS 4811 (C 0-3%, Ni 2-75-3-75%, Cr 0-5-1-0%), 
and DTD 126A (C 0:30% max., Mn 1-75% max., Ni 0: 20% 
max.) in five conditions of heat-treatment, and at temper- 
atures in the —50° to +50° C. range. The impact properties 
of these steels are extremely sensitive to microstructural 
changes. The presence of intermediate transformation 
products gives low Izod values over the whole temper- 
ature range, whilst a structure of ferrite and pearlite results 
in moderate Izod values and a transition between —50° 
and +50°C. A fully tempered sorbitic structure gives the 
best Izod properties of any condition, but as the tempering 
temperature diminishes, the presence of tempered martensite 
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leads to an appreciable deterioration in Izod value. No 
consistent relationship exists between Izod value and other 
mechanical properties.—R. A. R. 

Report on Physical Properties Influenced by As-Quenched 
Hardness. (Hardenability Subcommitee of the SAE War 
Engineering Board’s Iron and Steel Technical Committee, 
1949, Report No. MR-73). The results of the investigation 
indicate that on the basis of laboratory tensile, impact, and 
fatigue tests, machine members made of a low alloy steel 
(C 0-40%, Cr 0-88%, Ni 0-08%, Mo 0-15%) which are to be 
hardened and tempered to Rockwell C 35, should first be 
hardened to Rockwell C 55 to develop the optimum pro- 
perties. An intensified high-manganese steel (Mn 1-59°/) 
had an unexpectedly low fatigue resistance regardless of the 
as-quenched hardness. Shot-peening of partially hardened 
structures cannot be relied upon as a substitute for complete 
hardening to bolster up the fatigue resistance of steel.—Rr. A. R. 

The Metals Department of the Centraal Instituut voor 
Materiaalonderzoek (C.I.M.O.). [Central Institute for the 
Investigation of Materials]. KR. Reitsema. (Metalen, 1949, 
vol. 3, Jan., pp. 111-113. Centraal Instituut voor Materiaal 
Onderzoek, Afdeling Metalen, 1949, Feb., Circular No. 1, 
pp- 1-3). [In Dutch]. 
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The Electrolytic Polishing of Metals in Research and 
Industry. D.S. Kemsley and W. J. McG. Tegart. (Council 
for Scientific and Industrial Research [Australia], Division of 
Tribophysics, 1948, Physical Metallurgy Report No. 7). 
This is a critical survey of the published methods of electro- 
lytically polishing metals for metallographic and industrial 
purposes. It is in three sections: (1) Mechanism of electro- 
lytic polishing ; (2) metallographic and research applications ; 
and (3) industrial application of electrolytic polishing. There 
are 60 references.—R. A. R. 

Study of the Superficial Structures of Metals by X-Rays. 
C. Legrand, (Société Francaise de Metallurgie, Oct. 18, 1948 : 
Revue de Métallurgie, Mémoires, 1949, vol. 46, Mar., pp. 
147-150). The author describes the use of the back-reflection 
method of X-ray examination as a means of studying the 
surface layers of metals. He calculates the ‘‘ useful diffract- 
ing thickness,” and discusses briefly the results obtained with 
very thin layers of aluminium and gold on copper, and in 
examining the polishing of copper and the exidation of that 
metal. He concludes with a note on focusing arrangement 
for use with strictly monochromatic radiation.—a. E. Cc. 

The Microstructure of Low Carbon Steel. R. L. Rickett 
and F. C. Kristufek. (Transactions of the American Society 
for Metals, 1949, vol. 41, pp. 1113-1144). See Journ. I. and 
8.I., 1949, vol. 161, Feb., p. 165. 

Method for the Determination of Non-Metallic Inclusions 
in the Austenitic Steel EYalT. E. E. Cheburkova. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Mar., pp. 275-277). 
{In Russian]. An account is given of experiments carried out 
to find the best conditions under which the electrolytic 
solution of specimens of an austenitic steel can be accom- 
plished. It was found that this method of solution could 
be used in the determination of non-metallic inclusions, the 
best results being obtained with an electrolyte consisting of 
6% solution of ferrous sulphate with additions of 0-2%, 
sodium citrate and 7% sodium chloride, the c.d. being 0-5 
amp./sq.cm. To facilitate the decomposition of the carbides 
during their separation from the inclusions, the specimen of 
the steel had to be heated at 1000-1100° C. and cooled in 
water.—s. EK. 

Determination of Non-Metallic Inclusions in Samples of 
Metal Taken in the Course of Melting. A. M. Danilov and 
E. D. Mokhir. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 358-362). [In Russian]. A metallographic method 
of determining non-metallic inclusions in samples of steel 
taken during melting is described ; in this a polished section 
is prepared from the specimen formed by slowly cooling the 
sample in a fireclay cup. The polished surface is divided into 
four equal areas, the inclusions in five microscopic fields at a 
magnification of 210 in each area being counted and classified. 
The interpretation of the results obtained is accomplished 
with the aid of tables. Results of determinations of the 
inclusions in samples taken at various stages of melting from 
a furnace fired with low-sulphur oil are given and compared 
with those obtained when a relatively high-sulphur oil was 
used.—s. KF. 
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Delta Ferrite Formation and Its Influence on the Formation 
of Sigma in a Wrought Heat Resisting Steel. J. J. Gilman, 
Pun Kien Koh and O. Zmeskal. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 1371-1399). See 
Journ. I. and §.1., 1949, vol. 161, Apr., p. 392. 

Apparatus for the Study of Columnar Crystallization in 
Metals and Alloys. P. P. Petrosyan and 8S. E. Shou- 
Shakhbudagyan. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Feb., pp. 248-249). [In Russian]. An apparatus is des- 
cribed with the aid of which the tendency of metals and 
alloys to form columnar crystals can be compared and the 
factors influencing the formation of such crystals can be 
studied.—s. K. 

Somatoidal Graphite in Grey Iron. R. Bertschinger. 
(Schweizer Archiv, 1949, vol. 15, Mar., pp. 75-84). Graphite 
somatoids are the spheroidal form of graphite in grey iron 
as it occurs, preferably in hypereutectic iron under certain 
conditions of manufacture. The theory forming the basis for 
the preparation of this iron is explained with special reference 
to the work of C. Adey and E. Morrogh.—k. A. R. 

The Isothermal Decomposition of Martensite and Retained 
Austenite. B. L. Averbach, and M. Cohen. (Transactions of 
the American Society for Metals, 1949, vol. 41, pp. 1024— 
1060). See Journ. I. and 8.I1., 1949, vol. 161, Feb., p. 166. 

The Dimensional Stability of Steel, Part IV—Tool Steels. 
B. S. Lement, B. L. Averbach, and M. Coher. (Transactions 
of the American Society for Metals, 1949, vol. 41, pp. 1061- 
1092). See Journ. I. and §.I., 1949, vol. 161, Feb., p. 166. 

The Transformation and Retention of Austenite in SAE 
5150, 2340, and T 1840 Steels of Comparable Hardenability. 
A. R. Troiano. (Transactions of the American Society for 
Metals, 1949, vol. 41, pp. 1093-1112). See Journ. I. and 8.I., 
1949, vol. 161, Feb., p. 166. 

Influence of Nickel and Molybdenum on Isothermal Trans- 
formation of Austenite in Pure Iron—Nickel and Iron—Nickel- 
Molybdenum Alloys containing 0-55°, Carbon. D. A. Scott, 
W. M. Armstrong, and F. A. Forward. (Transactions of the 
American Society for Metals 1949, vol. 41, pp. 1145-1164). 
See Journ. I. and §S.1., 1949, vol. 161, Feb., p. 166. 

The Transformation Characteristics of Ten Selected Nickel 
Steels. J. P. Sheehan, C. A. Julien, and A. R. Troiano. 
(Proceedings of the American Society for Metals, 1949, vol. 
41, pp. 1165-1184). See Journ. I. and S.I., 1949, vol. 161, 
Feb., p. 167. 

Investigations on Corrosion-Resistant Cast Steel on a 
Chromium-Nickel Basis with Special Reference to the Sigma 
Phase. W. Felix and E. Eisermann. (Schweizer Archiv, 
1949, vol. 15, Mar., pp. 84-92). The effect of heat-treatment 
on the properties and formation of the o-phase in a 
stainless steel (Cr 20%, Ni 14%, Mo 4%) was investigated. 
From room temperature to about 950°C. the steel is in the 
y-+o state, above 950° C. the o-phase begins to disappear 
and ferrite forms; at 1100-1150° C. all the o-phase has 
gone. With sufficiently rapid cooling from the y + o state 
the austenitic—ferrite structure can be undercooled to room 
temperature, but the ferrite is unstable and tempering at 
500° to about 950° C. transforms it by a diffusion process into 
the o-phase. The velocity of the precipitation of the o-phase 
out of the ferrite attains a maximum in the 800-—900° C. 
range. This precipitation causes a considerable reduction 
in the toughness of the steel whilst its hardness is only 
slightly affected.—R. A. R. 

The Mechanism of the y/« Transformation of Iron. 
H. Neerfeld and K. Mathieu. (Mitteilungen aus dem Max- 
Planck-Institut fiir Eisenforschung, Report No. 486: Archiv 
fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.—Feb., pp. 69-73). 
Austenitic steel wire was subjected to tensile stress and the 
high deformation led to — a transformation. X-ray 
investigations revealed that the [210] texture as well as 
the usual [110] texture occurred. The authors’ observations 
on the mechanism of the transformation are compared with 
others from the literature, and it is concluded that the newly 
observed combination of textures has the following charac- 
teristics : (1) The sum of the displacements travelled by the 

atoms is a minimum ; (2) in the transformation under tensile 
stress there is only a small increase in the distance between 
the atoms in the direction of the applied stress ; and (3) the 
lateral movement of the atoms is also very slight. Although 
the alloying elements are. known to have an effect, it is the 
state of stress when transformation begins which determines 
the actual mechanism of the transformation.—Rr. A. R. 
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Mechanism of Eutectic Dissociation of Austenitic Alloys. 
M. E. Blanter. (Journal of Technical Physics, U.S.S.R., 
1948, vol. 18, Apr., pp. 529-540 [in Russian]: [Abstract] 
Metals Review, 1948, vol. 21, Nov., p. 14). Mehl’s theory 
of eutectic dissociation is shown to be erroneous. A new 
mechanism is proposed and verified experimentally. A 
series of chromium, nickel, and cobalt alloy steels having a 
stable cementite structure was studied. 

Concerning Quantitative Microstructural Analysis. M. G. 
Smolovich. (Zavodskaya Laboratoriya, 1949, vol. 15, Mar., 
pp. 352-354). [In Russian]. The method recently proposed 
by M. E. Blanter for quantitative microstructural analysis is 
discussed and stated to be wrong in principle, faulty in 
development, and unnecessarily complicated.—s. kK. 

Nature of the Non-diffusing (Martensite) Transformation. 
G. V. Kurdjumov. (Comptes Rendus (Doklady) de lAca- 
démie des Sciencies, U.R.S.S., 1948, vol. 60, June 21, pp. 
1543-1546 [in Russian]: [Abstract] Metals Review, 1948, 
vol. 21, Nov., p. 16). A theory for an anomaly in the kinetics 
of the transformation is outlined. 
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Effect of Alloy Composition on the Corrosion of Ferrous 
Metal. (American Gas Association: Industrial Finishing, 
1949, Jan., pp. 362-365). Data are presented on the corrosion 
of low and high alloy steels, containing various combinations 
of chromium, nickel, copper, and molybdenum, buried in soils 
classified according to whether organic or inorganic, oxidizing 
or reducing, and acid or alkaline. The results are based on 
measurements of pitting and weight loss on specimens after 
long periods. The corrosion resistance of a copper-molyb- 
denum steel was not much better than that of mild steel, 
but a copper—nickel steel was superior in all soils. Increasing 
chromium caused a decrease in weight loss, but with more 
than 2-6°, of chromium, the corrosion was concentrated 
locally, and in one soil the high-chromium alloys had deeper 
pits than mild steel.—r. a. R. 

Cathodic Protection. (Light Metals, 1948, vol. 11, Dee., 
pp. 674-681); 1949, vol. 12, Jan., pp. 43-50; Feb., pp. 
84-93). The theory of the corrosion of buried pipelines and 
other buried structures is explained, and the literature on 
cathodic protection with magnesium and aluminium anodes is 
reviewed.—R. A. R. 

The Theory of Electrolytic Corrosion in Relation to Pre- 
paration for Paint. (Industrial Finishing, 1949, Jan., pp. 
357-361). A simple test demonstrating the theory of electro- 
lytic corrosion and other tests showing the advantages of 
phosphatizing metal surfaces before painting are described. 

R. A. R. 

An Investigation of the Possibilities of Organic Coatings 
for the Prevention of Premature Corrosion-Fatigue Failures 
in Steel. R. C. McMaster. (Proceedings of the American 
Society for Testing Materials, 1948, vol. 48, pp. 628-647). 
Rotating beam fatigue tests were made on bare and resin- 
coated specimens of 0+45°, carbon steel in corrosive brine 
and alkaline solutions. The coatings lengthened the corrosion- 
fatigue life of specimens as much as ten times when the 
applied stress was below 48,000 Ib./sq. in.—Rr. A. R. 

Station Design and Material Composition as Factors in 
Boiler Corrosion. R. B. Donworth. (Proceedings of the 
American Society for Testing Materials, 1948, vol. 48, pp. 
897-906). The corrosion of the metals and alloys used in the 
construction of power station boilers is discussed and it is 
shown how design can influence corrosion and erosion, and the 
carry-over of corrosion products into the boiler.—nr. A. R. 

Corrosion of High-Pressure Steam Generators: Status of 
Our Knowledge of the Effect of Copper and Iron Oxide De- 
posits in Steam Generating Tubes. R.C. Corey. (Proceedings 
of the American Society for Testing Materials, 1948, vol. 48, 
pp. 907-941). 

Steel Embrittlement in Caustic Treating Service. FE. L. 
Hildebrand. (Oil and Gas Journal, 1948, vol. 47. Oct. 7, 
pp. 271-274: [Abstract] Metals Review, 1948, vol. 21, Nov.. 
p. 24). The three conditions that must be fulfilled before caustic 
embrittlement can occur are a concentrated caustic solution, 
high stress, and an elevated temperature. Experience has 
shown that under the conditions described the conventional 
“hour soaking time per inch of thickness at 1100° F.,” 

stress-relief treatment is sufficient to prevent cracking in 
forged and wrought low-carbon steel, unless an exceptionally 
poor joint was made or an unusual condition existed. 
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Soda Treatment not Recommended for Steam Boiler Water. 
J. F. Dube. (Dyna, 1949, vol. 24, Apr., pp. 129-132). [In 
Spanish]. The author shows why soda treatment of boiler 
water is not a satisfactory method of combating corrosion 
of tubes. Lime-soda treatment is discussed and equations 
are given to show the neutralization and suppression of CO, 
evolution. Reactions of magnesia salts with soda are given. 
To avoid dangerous optimism, it is necessary to study what 
happens inside the boiler after soda treatment. 

Caustic embrittlement—the cause of numerous explosions— 
is dealt with. The harmful effect of soda on boiler waters 
containing fats and oils, where these are saponified by both 
caustic soda and sodium carbonate, is mentioned.—R. s. 

Erosion-Corrosion. W. A. Luce. (Ohio State University, 
Engineering Experiment Station News, 1947, vol. 19, Dec., 
pp. 29-32: [Abstract] Nickel Bulletin, 1948, vol. 21, Aug.- 
Sept., p. 133). The importance of erosion-corrosion attack 
is becoming increasingly obvious in connection with high- 
speed chemical processes involving contact of metallic equip- 
ment with slurry and other erosive contaminators. Most 
metals and alloys depend for their corrosion-resisting qualities 
on the development of a protective surface film, e.g., oxide, 
sulphate, or gas film, and if these films are removed by mech- 
anical means such as erosion, fresh metal is being constantly 
exposed, with resulting progressive deterioration. Laboratory 
corrosion tests are inadequate as a means of evaluating prob- 
able service behaviour under conditions involving erosion 
combined with chemical attack, and materials selected for 
chemical plant on the basis of such tests are apt to fail in 
service. Interesting examples are described of such failure 
occurring in a solid-bowl centrifuge separating solids from 
acids in a slurry consisting of waste sulphuric acid and ferrous 
sulphate, and in a stainless steel pump impeller. <A _ brief 
description is given of laboratory test apparatus devised for 
simulating corrosion-erosion attack, and of remedial measures 
adopted to prolong the life of the centrifuge. 

Effect of Tellurium on the Hydrogenation of Steel in Its 
Cathodic Polarization in Sulphuric Acid Solutions. M. N. 
Polukarov. (Journal of Applied Chemistry, U.S.S.R., 1948, 
vol. 21, pp. 611-619: Chemical Abstracts, 1949, vol. 43, 
Feb. 10, cols. 952—953). 

The Iron Potential in Buffered Acetic Acid. K. Ergang. 
(Zeitschrift fiir Metallkunde, 1949, vol. 40, Feb., pp. 76-80). 
The potential of iron in acetic acid solution is about 0-1 V. 
less noble than the hydrogen equilibrium potential of the 
solution (pH range 4 to 7). This, and the fact that the iron 
electrode does not polarize with additional anodic as well as 
cathodic polarization, can be explained by the assumption 
that iron hydride forms with an overvoltage of 0-1. 

With aeration and at pH 6 more iron will dissolve in 8% 
sodium acetate, and at pH 5-25 in 1% sodium acetate. This 
behaviour can be explained es the oxygen content of the 
solution and the oxide formed on the iron.—R. A. R. 


Influence of Oxygen Adsorbed on Iron on the Variation of 
Contact Potentials. P. Kh. Burshtein and M. D. Surova. 
(Comptes Rendus (Doklady) de lAcadémie des Sciences, 
U.R.S.S., 1948, vol. 61, July 1, pp. 75-78 [in Russian] : 
[Abstract] Metals Review, 1948, vol. 21, Nov., p. 10). Changes 
in energy of electron emission in the presence of adsorbed 
oxygen were studied by thermionic methods. 

A Visual Rating System for Rusted Steel Specimens. H. L. 
Faigen. (ASTM Bulletin, 1948, Oct., pp. 39-44). A con- 
venient system for classifying rusted steel surfaces visually 
is outlined and illustrated. Numbers and letters are employed 
to designate stages of rusting as defined by verbal descriptions 
or pictorial representation in a logical and easily remembered 
succession of steps. Using this system it is possible to indi- 
cate the extent or area, nature, intensity, and location of 
rusting.—J. C. R. 

The Mechanism of Oxidation and Tarnishing. U. R. Evans. 
(Transactions of the Electrochemical Society, 1947. vol. 91, 
pp. 547-572). See Journ. I. and 8.1., 1947, vol. 157, Sept.. 
p. 155. 

The Kinetics of Oxide Film Formation on Metals and Alloys. 
E. A. Gulbranse eo (Proceedings of the Electrochemical 
Society, 1947, vol. 91, pp. 573-604). See Journ. I. and 8.1., 
1947, vol. 157, ae. p. 650. 

An Electron Diffraction Study of Oxide Films Formed on 
High Temperature Oxidation Resistant Alloys. J. W. Hickman 
and E. A. Gulbransen. (Proceedings of the Electrochemical 
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Society, 1947, vol. 91, pp. 605-622). See Journ. I. and S.L., 
1947, vol. 157, Dec., p. 651. 

The Oxidation of Metals. W. E. Campbell and U. B. Thomas. 
(Proceedings of the Electrochemical Society, 1947, vol. 91, 
pp. 623-640). See Journ. [. and 8.1., 1947, vol. 157, Sept., 
p. 156. 

High Temperature Corrosion of Metals under Alternate 
Carburization and Oxidation. H. K. Ihrig. (Proceedings 
of the Electrochemical Society, 1947, vol. 91, pp. 641-654). 
See Journ. I. and 8. [., 1947, vol. 147, Sept., p. 156. 

Corrosion and Oxidation Experiences in High Pressure 
and High Temperature Steam Service. PP. M. Brister anid 
J. B. Romer. (Proceedings of the Electrochemical Society, 
1947, vol. 91, pp. 655-680). See Journ. |. and 8.1., 1947, 
vol. 157, Sept., p. 156. 

Scaling at High Temperatures in Sulfur Dioxide, Oxygen 
and Nitrogen-Containing Atmospheres. J. Vicholson 
and E. J. Kwasney. (Proceedings of the Electrochemical 
Society, 1947, vol. 91, pp. 681-791). See Journ. [. and S.L., 
1947, vol. 157, Nov., p. 477. 

Corrosion in the Tropics. K. G. Compton. (Proceedings 
of the Electrochemical Society, 1947, vol. 91, pp. 705-714). 
See Journ. I. and 8. I., 1947, vol. 157, Dec., p. 651. 

Stabilization of Austenitic Stainless Steel. S. J. Rosenberg 
and J. H. Darr. (Transactions of the American Society for 
Metals, 1949, vol. 41, pp. 1261-1300). See Journ. Lo and 
S.L., 1949, vol. 161, Apr., p. 392. 

Resistance to Sensitization of Austenitic Chromium-—Nickel 
Steels of 0:03°,, max. Carbon Content. W. O. Binder, C. M. 
Brown, and R. Franks. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 1301-1370). See 
Journ. I. and 8.1., 1949, vol. 161, Mar., p. 274. 

The Brown Story. E. P. McGinn and A. W. Warren. 
(Paper Trade Journal, 1948, vol. 127, July 1, pp. 39-42, 
44, 46, 48, 50, 52, 54, 56, 58: [Abstract] Nickel Bulletin, 
1948, vol. 21, Aug.—Sept., p. 135). A well-illustrated descrip- 
tion is given of the Burgess kraft mill placed in operation 
by the Brown Company of Berlin, New Hampshire, U.S.A. 
Stainless and stainless-clad steel are extensively used, e.7., 
black-liquor pumps are of high-alloy steel, with stainless 
steel in the first two effects; liquor-deflectors in the first- 
effect vapour bodies are 20° stainless clad on the impinge- 
ment side ; the lower part of two vapour bodies of the first 
effect is lined with nickel—chromium stainless steel; and the 
tube sheeting in the first two heating elements is 20°,, stainless 
clad. Nickel-containing materials are also used in parts 
of a new paper mill which is part of the Berlin plant. 

The NDHA Corrosion Tester; Why and How It’s Used. 
L. F. Collins. (Heating, Piping and Air Conditioning, 1948, 
vol. 20, Oct.. pp. 77-80: [Abstract] Metals Review, 1943, 
vol. 21, Nov., p. 22). After considering the need for studying 
corrosion rates, the author gives an account of the develop- 
ment, features, performance, and uses of the NDHA corrosion 
tester, and the method of installing it in pipeline and tank 
systems of various sizes and ‘shapes. It consists of three 
helical wire coils supported by a frame and _ electrically 
insulated from each other and the frame. The coils are 
specimens the weight losses of which are determined. 


ANALYSIS 


Analysis of Non-Metallic Inclusions in Alloy Steel. M. M. 
Shapiro and R. E. Grabarovekaya. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 259-264). [In Russian]. 
A procedure is described for eaten into fractions the 
stable, non-metallic inclusions found in alloy steel. To the 
first fraction belong the inclusions consisting of magnetite 
and soluble orthosilicates, which dissolve in hydrochloric 
acid. Silicates soluble in a mixture of hydrofluoric and 
sulphuric acids comprise the second fraction, while chromium 
oxides, spinels, and aluminium oxide, which are insoluble in 
acids, form the third fraction. The analysis of these fractions 
is outlined. The nature of tungsten- and boron-containing 
non-metallic inclusions is described, the investigations of 
these inclusions having shown that tungsten oxides occur 
with aluminium oxide and with silicates, boron oxide being 
detected in the silicate.—s. kK. 

Deterzhination of the Chemical Composition of the Carbide 
of Iron in Steel. N. M. Popova. (Zavodskaya Laboratoriya, 
1949, vol. 15, Mar., pp. 264-266). [In Russian]. The 
following method is described for the preparation of stable 
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suspensions of the carbide phase found in carbon steels: 
The sample of steel is dissolved electrolytically in a cooled, 
normal solution of potassium chloride containing 0:5% 
citric acid, and the residue is washed several times with 
oxygen-free water and then stirred with glycerine to form 
a suspension, which is found to be stable in air. Aliquot 
portions of this suspension can be used for the determination 
of total and combined carbon (the glycerine being carefully 
washed away before the combustion) in the usual way, and 
of iron. Samples of steels with 1-29%, 0-73%, and 0-42% 
of carbon, annealed at 200—400° C. were analysed in this way, 
the results showing that the composition of iron carbide 
does not depend on the heat-treatment and that it corresponds 
to the formula Fe,C.—s. kK. 


Determination of Carbide in Chromium-Nickel Steels 
Containing Molybdenum and Tungsten. N. M. Popova and 
A. F. Platonova. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 267-269). [In Russian]. The separation and anal- 
ysis of the carbide of molybdenum- and tungsten-containing 
chromium-nickel steel by methods modified to deal with the 
special corrosion-resisting properties of such steel are 
described. After anodic solution in 1:1 hydrochloric acid 
containing 1% hyposulphite, the carbide residue is filtered off, 
washed with water, and digested with 20% sodium hydroxide 
solution. The resulting suspension is filtered off after 
dilution, and the residue is ignited in a porcelain crucible. 
The oxides thus formed are fused with bisulphate of potassium 
or sodium and analysed by the usual methods. Carbides in 
two steels were determined by this method to investigate 
the effects of certain factors on the results.—s. K. 


On the Methods of Determining Carbides and Slag Inclusions 
in Steels. Iu. T. Lukashevich-Duvanova. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Mar., pp. 269-274). [In Russian]. 
A review is presented of various methods which have been 
described in the literature for the separation and analysis 
of carbides and slag inclusions in steel. The methods are 
discussed in the light of experimental results, attention being 
given to the mutual influence of carbide and sulphide in- 
clusions on their analyses. Some experimental results 
relating to alloy steels are presented. Vanadium steel was 
found to contain only the carbide corresponding to the 
formula V,C,; molybdenum steel was found to contain the 
carbides of both molybdenum and iron; the carbides of 
both iron and titanium were found in titanium steel, the 
composition of the former corresponding to TiC; the chro- 
mium carbide found together with cementite in chromium 
steel corresponded in composition to CrC,. The nature of 
the carbide phases is discussed.—s. kK. 


Petrographic and Chemical Characteristics of Non-Metallic 
Inclusions in Steel. M. M. Shapiro. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 278-287). [In Russian]. 
Tables are presented in which the author’s own results are 
combined with information available in the literature to give 
a@ comprehensive summary of the main properties of non- 
metallic inclusions separable by the electrolytic method. 
In each table the following information on the inclusions is 
given: Name and constitution, colour and shape, refractive 
index and other useful optical properties, method of getting 
into solution (if applicable), and types of steel in which found. 
The first table deals with free oxides; those soluble in dilute 
mineral acids belong to the unstable group of inclusions, 
while those insoluble belong to the class of more stable in- 
clusions. In the second table are described the inclusions 
of the spinel type, consisting of aluminates and chromates 
with the general formule MeO.Al,0,, MeO.Cr,0,;, and 
MeO.Fe,0;. The more commonly occurring silicates of 
the glass type are described in the third table. The 
silicates form the largest group and their constitution 
varies widely, the form in which they occur in inclusions 
being most frequently globular. The fourth table deés- 
cribes the crystalline silicates such as the orthosilicates. 
The fifth table deals with the sulphide inclusions. These 
include the sulphide of monovalent copper, of manganese 
(containing dissolved sulphides of chromium, copper, and 
iron), and of iron as well as some oxy-sulphides. The sixth 
(and last) table gives information on two-phase inclusions, 
e.g., inclusions consisting of an outer envelope of FeO, en- 
closing a silicate which itself surrounds a mass of silica.—s. x. 


Photoelectric Method for the Determination of Nitrogen 
in Steel. V.F. Maltsev, F. M. Gertsman, and T. P. Temirenko. 
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(Zavodskaya Laboratoriya, 1949, vol. 15, Mar., pp. 288- 
294). [In Russian]. Experiments are described in which 
the conditions for the formation of the coloured complexes 
of ammonia with Nessler’s reagent and with phenol, were 
investigated. The use of these complexes for the determina- 
tion of combined nitrogen in steels is dealt with, the colori- 
metry being carried out with the help of a photoelectric 
colorimeter after the preliminary separation of iron on a 
mercury cathode. Analysed samples of steels were used 
for the testing of this procedure, the tabulated results show- 
ing close agreement between those obtained with Nessler’s 
reagent, phenol, and those obtained by the conventional 
methods.—s. K. 


Semimicro Determination of Nickel in Alloy Steel. B. A. 
Generozov. (Zavodskaya Laboratoriya, 1948, vol. 14, pp. 
269-272 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
Feb. 10, cols. 966-967). 


Method of Analyzing Ferrous, Non-ferrous and Precious 
Alloys without Chipping. N. A. Tananaev. (Zavodskaya 
Laboratoriya, 1947, vol. 13, pp. 388-403 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Feb. 10, col. 970). The 
method is based on the comparative evaluation of the colori- 
metric, and in some cases of nephelometric, effects produced 
by the reaction of an acid solution on the sample and on a 
standard alloy. 


Use of Foko Photocolorimeter and a Laboratory Galvano- 
meter from Thermocouples for the Analysis of Ferrous Metals. 
A. I. Masurova. (Zavodskaya Laboratoriya, 1948, vol. 14, 
p. 123: [in Russian]. Chemical Abstracts, 1949, vol. 43, 
Feb. 10, col. 911). The inner rheostat of the FOKO photo- 
colorimeter was replaced with two (one for coarse and one 
for fine adjustment) and instead of a highly sensitive gal- 
vanometer, an ordinary device from thermocouples was 
used. The galvanometer had an inner resistance of 198 
ohms. The sulphide-silver photocell in the colorimeter was 
too sensitive and was replaced with a selenium type and 
the side shunt was removed from the circuit of the photocell. 
These changes made it possible to make rapid photocolori- 
metric determinations of phosphorus and selenium in steels, 


On the Electrometric Determination of Vanadium in 
Steels. A. Claassen and J. Corbey. (Recueil des Travaux 
Chimiques des Pays-Bas 67, Jan., 1948: Laboratoria N. V. 
Philips’ Gloeilampenfabrieken, Reprint No. 1767). In 
tungsten-free steels vanadium is determined by titration with 
ferrous sulphate under specified conditions of acidity. It is 
shown that this method gives low results for steels containing 
tungsten, due to the incomplete reduction of the vanado- 
phosphato-tungstate complex, but complete reduction is 
effected by boiling with excess ferrous sulphate. Small 


amounts of vanadium accompanied by large amounts of 


tungsten can only be determined by titration with ferrous 
sulphate when the amount of phosphoric acid is greatly 
increased.—R. A. R. 

Spectral Determination of Small Quantities of Boron, 
Vanadium, Titanium and Aluminium in Steel. N. V. 
Buyanov, A. V. Lutsenko, and N. N. Sorokina. (Zavodskaya 
Laboratoriya, 1947, vol. 13, pp. 447-451 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Feb. 10, col. 964). Deter- 
minations were made with a Q24 spectrograph with A.C. arc 
gap of 2mm. and 15 amp. A Zeiss three-lens arrangement 
was used for the illuminating system ; a revolving diaphragm 
was mounted on the second lens which made it possible to 


use only the central portion of the flame. Photography of 


spectra was on diapositive plates and the exposure was 45 sec. 
Photometering and determination of concentrations were 
made by photometric interpolation. The use of a micro- 
photometer in this case was found to be impossible because 
of the narrow slit of the spectrograph. The standards which 
were used to prepare the empirical curves were from carbon 
steel (0:5% C, 0-25% Si, 0-7% Mn, 0:-05% Ni, 0-05% Cr, 
0-04% P, 0-04% S, 0-005% Cu). As for the content of vana- 
dium, titanium, aluminium, and boron, the standards were 
selected to cover the concentrations required for analysis. 
Error was +15% for concentrations of 0-001%-0-01% and 
+5:5% for 0:01%-0-1%. 

Visual Method of Spectrum Analysis by Relative Intensity 
of the Line of the Analysed Element in Two Specimens. 
P. D. Korzh. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 301-304). [In Russian]. The method of spectral 
analysis considered depends on the simultaneous examination 
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of two spectra, one produced by the specimen under analysis 
and the other by a sample containing a known concentration 
of the element being determined. From a comparison of the 
intensities of a given line of the element in the two spectra, 
its concentration in the specimen can be determined. The 
electrical and optical systems for the production of the two 
spectra are outlined, and it is shown that the intensity of lines 
in the spectrum is proportional to the concentration of the 
element, and inversely proportional to the square of the 
distance from the source to the slit. The method was 
tested for the determination of chromium and copper in 
steel and gave good results.—s. K. 

Protection of Samples from Ejection during Spectrum 
Analysis. E. A. Ratsbaum. (Zavodskaya Laboratoriya, 
1949, vol. 15, Mar., p. 368). [In Russian]. A technique is 
briefly described in which powdered specimens are kept in 
place in spectrum analysis by preliminary treatment with 
starch paste.—-s. K. 

Use of Spectrum Projector PS-18 as a Microphotometer. 
K. S. Garger. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Mar., pp. 367-368). [In Russian]. Details are given of a 
method of converting a spectrum projector into a combined 
projector-microphotometer. Such an apparatus has given 
satisfactory service for a number of months.—s. kK. 

X-Ray Tube for Spectrum Analysis with Increased Sensi- 
tivity. M. A. Blokhin. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Mar., pp. 365-366). [In Russian]. The construction 
of an X-ray tube which enables very small concentrations of 
elements to be detected in spectrum analysis is described ; 
it has given satisfactory service.—s. K. 

Rapid Method for the Preparation of Standard Solutions 
of Permanganate. 8S. F. Zavgorodnii. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 363-364). [In Russian]. 


The stabilization of solutions of potassium permanganate of 


strength 0-1—0-05 N in less than 3 hr. with kaolin is des- 
cribed.—s. K. 

Improved Spectrographic Power Source. W. O. Everling. 
(Steel, 1949, vol. 124, May 16, pp. 80-81, 116). New electrical 
equipment designed for spectrographic analysis is described ; 
it can produce either a high voltage, alternating current 
spark, or a low voltage, spark-ignited, alternating current 
are. Great reproducibility, stability, and ease of operation 
are claimed.—4J. P. 8. 

The Determination of Combined Carbon in Cast Iron by 
Means of the Spekker Photo-Electric Absorptiometer. T. S. 
Harrison. (Journal of the Society of Chemical Industry, 
1949, vol. 68, Feb., pp. 49-52). The determination of com- 
bined carbon in cast iron may be completed absorptiometri- 
cally since Beer’s Law is obeyed. As the intensity of colour 
produced by a given sample varies with conditions, e.g., 
acid concentration and time of heating the solution, a standard 
must be included in each batch of determinations. The 
optimum conditions for colour development are noted. 
Colour stability is good. 

Rapid Analysis of Manganese and Phosphorus in the Same 
Sample of Cast Iron. A. G. Bogdanchenko. (Zavodskaya 
Laboratoriya, 1948, vol. 14, pp. 350-353 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Feb. 10, col. 966). 

The Determination of Phosphorus in Haematite Iron and 
Steel by the Molybdenum Blue Method. TT. S. Harrison. 
(Journal of the Society of Chemical Industry, 1949, vol. 68. 
Mar., pp. 84-87). Following a review of previous work 
Vaughan’s method is selected for modification and incor- 
poration in a composite scheme of analysis. Colour stability 
curves show that stannous chloride is superior to other 
reducing agents, and they indicate the optimum acid con- 
centration for reproducibility. Observations are made on 
the order of reagent additions, and procedures are detailed for 
hematite iron and steel.—R. A. R. 

Semimicrochemical Method of Determination of Phosphorus 
in Cast Iron. E. Ya. Shmulevich. (Zavodskaya Labora- 
toriya, 1948, vol. 14, p. 353 [in Russian] : Chemical Abstracts, 
1949, vol. 48, Feb. 10, col. 969). 

Determination of Silicon in Malleable and Grey Cast Irons 
and Steels with a Steeloscope. M. M. Averbukh, I. I. Erina, 
and I. G. Strel’tsov. (Zavodskaya Laboratoriya, 1948, vol. 14, 
pp. 110-112 [in Russian] : Chemical Abstracts, 1949, vol. 43, 
Feb. 10, col. 967). 

The Photometric Measurement of Silver Sulphide Sols 
for Determining Water- and Alkali-Soluble Sulphides. (Rapid 
Photometric Method for Determining Arsenic). H. Ploum. 
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(Mitteilungen aus dem Max-Planck-Institut fiir Eisenfor- 
schung: Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, 
Mar.-Apr., pp. 107-110). 

Protective Arrangements for a Glass Electrode. Iu. N. 
Chepelkin. (Zavodskaya Laboratoriya, 1949, vol. 15, Mar., 
pp. 373-374). [In Russian]. Devices for the protection of 
glass electrodes used for measurement of pH in the presence 
of solids in industrial baths are desdribed.—-s. kK. 


Rapid Determination of Calcium in Agglomerate. lu. I. 
Usatenko and P. A. Bulakhova. (Zavodskaya Laboratoriya, 
1949, vol. 15, Mar., pp. 362-363). [In Russian]. Details 
are given of a method for the determination of calcium in 
agglomerate by which a given determination can be com- 
pleted in 14 hr. The method was tested with samples of 
iron ore artificially impregnated with calcium, and samples of 
agglomerate.——s. K. 

The Method Used in the Murex Laboratories for the Deter- 
mination of Tungsten in Ferrotungsten. E. A. Chidley- 
(Murex Limited Review, 1949, vol. 1, No. 3, pp. 58-59). 

Determination of Oxygen in Steel. Application to Basic 
Open-Hearth Slag Control. Lacomble and Nepper. (Société 
Frangaise de Métallurgie: Iron and Coal Trades Review, 
1949, vol. 158, Apr. 15, pp. 801-804). A résumé is presented 
of the authors’ paper in which they describe modifications 
of the aluminium-bomb method for the determination of 
oxygen in steel, and consider the particular case of basic 
open-hearth steel. The following conclusions are drawn : 
As a rough approximation, oxygen in the metal depends on 
the carbon content. Dispersion of the oxygen content 
allowed by the carbon varies by 10% in the zone of low carbon 
contents and up to 25%, in the zone of high carbon contents. 
To improve this scatter it is interesting to try to keep (FeO)/N 
as low as possible, i.e., to work with basic slag (high nitrogen) 
which is only slightly oxidized. The operation is difficult, 
since these two conditions are in opposition ; according to 
the authors’ view, it is only of interest in the range of high 
carbon content, where the increase of a few thousandths in the 
oxygen content is very appreciable in relative values. 

A Gas-Volume Measuring Apparatus. L. A. Goncharskii. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Feb., pp. 249-250). 
[In Russian]. An apparatus for measuring the volume of 
an irregular solid working on the principle of gas displacement 
is described. The apparatus, in which there is no relative 
movement of parts, can be adapted for use under works 
conditions. The question of the corrections for pressure 
and temperature to be applied is considered.—s. K. 


HISTORICAL 


Medieval Ironworks at Monmouth and Osbaston in Mon- 
mouthshire. H.R. Schubert. (Journal of The Iron and Steel 
Institute, 1949, vol. 161, Apr., p. 326). The history of three 
forges given by Baderon, the Norman Lord of Monmouth, 
early in the twelfth century, to the Benedictine Priory at 
Monmouth, and of a fourth forge worked by Baderon’s own 
men is traced.—R. A. R. 

Sheffield Steel—Its History. J. Lomas. (Murex Limited 
Review, 1949, vol. 1, No. 3, pp. 41-57). This outline of the 
history of Sheffield steel begins by noting an allusion to a 
Sheffield steel knife in an inventory by Edward III of his 
possessions in the Tower in 1340. Several references are 
made to cutlers’ customs and the granting of marks. There 
are several reproductions of old prints.—R. A. R. 

Presidential Address. T. M. Service. (Journal of the West 
of Scotland Iron and Steel Institute, 1947-48, vol. 55, pp. 
1-10). The author gives an account of some of the develop- 
ments in steelmaking since 1870. (See ‘ Steelmaking Since 
1870,” Journ. I. and §8.1., 1948, vol. 158, Mar., p. 413). 

R. A. Re 


MISCELLANEOUS 


The Spanish Iron and Steel Institute. (Instituto del Hierro 
y del Acero, 1948, vol. 1, July—Sept., pp. 1-48). [In Spanish}. 
This first issue of the journal of the Spanish Iron and Steel 
Institute outlines the need for the creation of a Spanish 
Institute. Its aims and activities are defined. The Infor- 
mation Department and Laboratories are described. Re- 
search projects are detailed under the headings of iron, steel, 
rolling, foundries, forging, and specialities (including the 
low-shaft electric furnace, ore beneficiation, and ferro-alloys). 
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A diagram depicting the administration of the Institute is 


included. Stress is laid on the fact that Spain’s raw 
materials, managements, and technicians are almost 
entirely national.—r. s. 

The Organisation of Research. K. W. Colbeck. (Société 


Frangaise de Métallurgie, Oct. 22, 1948: Revue de Métal- 
lurgie, Mémoires, 1949, vol. 46, Mar., pp. 121-124). Basing 
himself on present arrangements in the British iron and steel 
industry, the author discusses the objects and activities of a 
research department of a commercial firm and its relation to 
the central research organizations.—aA. E. C. 

Recent Developments in the Production and Application 
of Oxygen in the United States of America. P. Grassmann 
and G. Weiler. (Chemie-Ingenieur-Technik, 1949, vol. 21, 
Jan., pp. 19-24). The paper reviews developments in the 
methods of producing oxygen in the U.S.A. since 1940, with 
special reference to heat exchangers and fractionating columns 
for the smaller plants. Some applications are mentioned, 
with references to the literature.—r. A. R. 

Application of Conventional Industrial Instruments to 
Power Plant Control. W. H. Fortney. (Instrument Society 
of America: Instrument Practice, 1949, vol. 3, Feb., pp. 
152-156, 172). The use of conventional metering and control 
instruments rather than instruments of special design, which 
cannot be used elsewhere, is described; the installations 
refer to water-treatment and high-pressure boiler plants. 

R. A. R. 

The Amount of Inspection as a Function of Control of 
Quality. G. R. Gause. (Proceedings of the American 
Society for Testing Materials, 1948, vol. 48, pp. 886-895). 
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Techniques for assessing how much inspection is required 
to control the general level of quality in production, and the 
uniformity in quality from lot to lot are discussed.—k. A. R. 

On Variation in Materials, Testing, and Sample Sizes. 
L. E. Simon. (Proceedings of the American Society for 
Testing Materials, 1948, vol. 48, pp. 877-885). 

Sampling and Its Uncertainties. S. S. Wilks. (Proceedings 
of the American Society for Testing Materials, 1948, vol. 48, 
pp. 859-876). Mathematical and statistical methods are 
discussed for analysing sampling results, and sampling laws 
are described.—R. A. R. 

The Determination of Particle Size Distribution by Means 
of the Photoelectric Sedimentometer. S. H. Bransom and 
W. J. Dunning. (Journal of the Society of Chemical In- 
dustry, 1949, vol. 68, Mar., pp. 80-84). Methods of deter- 
mining the size distribution of a powder by sedimentation are 
critically reviewed and an apparatus and technique devised 
by the authors are described. A suspension of the powder is 
prepared in a rectangular glass cell about 2 x 2 cm. in section 
and 20 em. high. The cell is supported vertically in a small 
tank of Perspex B containing water maintained at a constant 
temperature. A beam of light is caused by mirrors to pass, 
horizontally between movable masks, through the cell on to a 
photoelectric cell coupled to a galvanometer. The checking 
and evaluation of the results obtained are described.—R. A. R. 

Nikolai Nikolaevich Davidenkov. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 381-384). [In Russian]. 
The seventieth birthday of this Russian scientist is the 
occasion for an editorial article in which his career and work 
in the field of the strength of metals are outlined.—s. kK. 
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BuLutEeNs, D. K., and THE METALLURGICAL STAFF OF 
THE BATTELLE Memoriat Institute. ‘ Steel and its 
Heat Treatment.” Fifth Edition. 8vo. Volume 1. 
“ Principles.” Pp. xxxii + 489. Illustrated. Volume 2. 
“ Tools, Processes, Control.” Pp. xxiv 293. Illus- 


trated. New York, 1948: John Wiley and Sons, Inc. ; 
London: Chapman and Hall, Ltd. (Prices: Vol. 1, 
36s.; Vol. 2, 24s.) 


The preface to the fourth edition of this excellent work 
reported the necessity for an increase to two volumes in 
order to accommodate the new knowledge and develop- 
ments which had accumulated since the previous revision. 
The spate of new knowledge and development has certainly 
not diminished since publication of the fourth edition, 
hence it is not surprising to find that this fifth edition 
comprises three volumes. Of these only Volumes | and 2 
have so far been made available and Volume 3 is still 
in preparation. The last volume will deal with ‘“‘ Engin- 
eering and Special Purpose Steels,’’ and if the material 
and standard of its presentation equal those of the two 
predecessors, then metallurgists, heat-treatment specialists, 
and engineers are assured of a first-class work of reference 
on all matters relating to the heat-treatment of steels. 

Volume 1 of this new edition deals with definitions, 
terminology, and fundamental concepts necessary for the 
discussion of heat-treatment. It considers the limitations 
and uses of tests applied to evaluate the suitability of 
steels for heat-treatment and indicates the principles 
underlying the various classes of heat-treatment, whether 
they be for carbon or for alloy steels. 

Section I of this volume, dealing with terminology, 
renders a great service by laying down what could be the 
basis for a much-needed standardization of metallographic 
terms. Chapter 4 of this section considers the suitability 
of steels for heat-treatment and discusses the influences of 
such factors as inclusions, homogeneity, decarburization, 
grain-size, normality, hardenability, and response to 
tempering. ; 

Having stressed in Section I the necessity for testing 
steel, Section II follows on with a comprehensive review of 
the methods of testing, covering all the conventional 
tensile hardness, endurance, and notched-bar impact tests. 
The limitations of these conventional tests are considered 
and an account is given of the increasingly popular 
principle of statistical control, using probability curves or 
scatter bands. This is a relatively new innovation in 
metallurgical textbooks and is strongly recommended to 
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works metallurgists as an introduction to the subject. The 
final chapter in this section briefly describes more special- 
ized methods of testing such as tests for formability, 
weldability, machinability, wear resistance, shearing 
strength, and compressive strength, together with a number 
of non-destructive tests. Little more than a mention is 
made of the latter and the reader is given a large number of 
references for further information. 

The third section of Volume | deals in two chapters with 
heat-treatment in the pearlitic domain below the critical 
range. In Chapter 9, cold working of steel and the effect 
of heat-treatment on the structure and properties of cold- 
worked steel is described, followed by a summary of the 
methods of heat-treatment advocated for the removal of 
hydrogen to avoid ‘ flakes.”” Chapter 10 then considers 
precipitation hardening, and demonstrates the possibilities 
of this process for certain steels. 

Section IV is undoubtedly the most valuable and in- 
formative part of this volume, dealing as it does with heat- 
treatments involving the transformation of austensite. 
Chapters are included on hardenability, S-curves, the 
austenitic state, full annealing, normalizing, austempering, 
martempering, spheroidizing, and tempering. The fallacy 
of attempting to calculate reliable hardenability values is 
explained, and common misusage of isothermal transfor- 
mation diagrams is pointed out. The determination of 
‘true’? S§-curves or continuous-cooling-transformation 
diagrams is discussed. Various factors influencing the 
formation and pretreatment of austenite, with information 
on the effects of homogenization and overheating are 
considered, along with a full account of the grain-size 
and grain-growth of austenite. The more practical chapters 
which follow describe the structural changes occurring in 
steel during a variety of different heat-treatments and 
discuss the properties obtainable. A careful study of 
Section IV would remove many misapprehensions existing 
amongst practical metallurgists. 

Volume 2 admirably covers the practical application of 
the principles described in Volume 1, and carefully points 
out the penalties awaiting the transgressor of these prin- 
ciples. As in Volume 1, no sharp dividing line is drawn 
between plain carbon and alloy steels. There are four 
main sections in this volume dealing respectively with 
‘** Control of Surface Conditions,” ‘‘ Heating and Cooling,” 
* Heat Treatment of Ferrous Castings,’ and ‘‘ Other 
Applications of Heat Treatment.” 

Section I considers the need for surface strength on all 
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components subject to wear and fatigue, and discusses the 
various means of improving and/or preserving the surface 
properties of steels. Chapters are included on surface 
hardening by flame or induction heating, nitmding and 
cyaniding, carburizing and subsequent heat-treatment, 
controlled atmospheres, and fused baths of metals or 
salts. These subjects have in general been adequately 
treated, although it is felt that the comparison of the two 
alternative methods of heating for surface hardening has 
perhaps tended to be over-influenced by the recent publicity 
for induction heating. 

The second section of Volume 2 contains, in the 
reviewer's opinion, some of the most practically valuable 
chapters in the whole work to date. Amongst the aspects 
considered are heating for forging and rolling, fuels and 
furnaces for heat-treatment operations, application of heat 
in heat-treatment, and control of the cooling phase. The 
importance of the latter is well emphasized. In general, 
this section contains a wealth of plain-spoken common 
sense regarding the control of heating and cooling of steel 
which it would profit all concerned to read and digest. 

Section III concerns the heat-treatment of ferrous 
castings and attention is given to cast and malleable irons 
in addition to steel. Some information is also given on 
graphitic and porous steels together with a short account of 
powder metallurgy. Surprisingly enough, no mention is 
made of the stress-relieving of castings. 

Miscellaneous applications of heat-treatment in relation 
to welding and machining are dealt with in Section IV 
with a final chapter discussing the influence of the human 
element on heat-treatment. Only about seventeen pages 
are devoted to the whole of this section, which seems 
somewhat meagre in view of the importance of the subjects 
discussed. The final three paragraphs pleading for more 
experienced and knowledgeable operators in heat-treatment 
is very timely. 

The authors are to be congratulated on the excellence of 
their diagrams, photographs, and photomicrographs. 
These contribute much towards the general quality of the 
work by conveying in a simple manner many ideas which 
could not have been expressed easily in words. The 
text in general is very readable except possibly where 
abbreviations are somewhat overdone to the extent of 
being slightly confusing. Throughout both volumes 
American units are used exclusively, which tends to be 
irritating to those accustomed to temperatures in degrees 
centigrade and stresses in tons per square inch. <A tem- 
perature conversion chart is included at the beginning of 
each volume, but in a work of such international repute 
it would have been worth while to quote British units in 
brackets. One feels in any event that Waldo’s temperature 
conversion chart is not so convenient as that of Sanveur. 

Excellent lists of references are included at the end of 
each chapter and in these, British papers with few excep- 
tions are reasonably well represented. A number have 
been quoted wrongly, but not so seriously as to render them 
useless. One finds for instance on page 361 of Volume | 
that A. A. Hartley Preece was co-author of a paper on 
overheating. The index in each volume is adequate but 
not fully comprehensive. 

When it is realized that the above minor criticisms are 
the worst which could be levelled against this edition it 
will be appreciated that a fine addition has been made to 

the literature on steel. One looks forward eagerly to the 
appearance of Volume 3.—E. INEson. 


F.I.A.T. Review or GERMAN SCIENCE, 1939-1946. ‘S Ferrous 


Metallurgy.’ Senior Author, W. Eilender. 8vo, vol. 1, 
pp. 367. Vol. 2, pp. 373. Berlin, 1948: Headquarters 
“T ” Force, Control Commission for Germany (British 
Element). 


This review of ferrous metallurgy in Germany from the 
middle of 1939 to the middle of 1945 was first produced 
under the aegis of F.I.A.T., British, and latterly of Head- 
quarters ‘‘T” Force. The title is in English but, unfor- 
tunately, the text is in German, and it is still more unfor- 
tunate that the edition is strictly limited and is for official 
distribution only. 

The work is somewhat in the form of an encyclopedia 
based upon work done during the six years ended the middle 


SEPTEMBER, 1949 


=_ 


BOOK NOTICES 119 


of 1945, the senior author being Dr. Walther Eilender, 
Aachen, assisted by 95 co-authors. 

Volume | consists of seven sections covering the physico- 
chemical basis of the production of iron and steel, the 
mining and preparation of ores, the production of pig iron, 
steel-making processes, the working of iron and steel, heat 
treatment, and powder metallurgy. Volume 2 consists 
of five sections devoted to properties and testing of iron and 
steel, alloy steels for special purposes, cast iron, malleable 
iron and cast steel, surface treatment, and a bibliography. 

Each main section is divided into a number of sub 
sections, and each of these latter has been written by an 
expert with personal knowledge of the subject about 
which he is writing. The section devoted to heat-treatment 
is typical. It is divided into seven sub-sections each 
being contributed by a specialist. KR. Mintrop has con- 
tributed sections dealing with the hardenability of steel and 
with intermediate refining processes. Biihler and others 
deal with surface hardening. Biihler, Arend, and Kosters 
likewise contribute a sub-section devoted to heat-treat- 
ment without furnaces, i.e., heat-treatment by means of a 
flame and by induction heating. A sub-section on diffusion 
annealing is contributed by Kiintscher. Scaling, decar 
burization, and bright-annealing are dealt with by Hiils- 
briich and finally Biihler and Mintrop contribute a 
sub-section devoted to reheating, annealing furnaces, and 
quenching baths. 

Both volumes are particularly well indexed and everybody 
concerned must be congratulated upon having produced 
an exceedingly useful résumé of the enormous amount 
of technical work that was carried out in Germany during 
the war vears.—J. FERDINAND KAYSER. 


Ropertson, 8. A. “ Engineering Management.” Svo, pp- 
xii 463. London, 1948: Blackie and Son, Limited. 
(Price 17s. 6d.) 

This book should be studied by every chemist, engineer, 
or metallurgist who aspires to an executive or managerial 
position. The text was prepared as the basis for a course 
of lectures at Battersea Polytechnic and it is therefore 
certain that a considerable number of students will already 
be in the fortunate position of being acquainted with the 
subject matter. 

The first seven chapters are devoted to the art and 
science of management, and, inter alia, cover economics, 
the structure of industry, its legal background, ete. The 
author then assumes that a small group of men are 
proposing to set up a business for manufacturing and 
selling an engineering product of new design, and the 
reader is taken through the intricacies of market research, 
design, production planning, and estimating. Two chapters, 
(13 and 14) are devoted to a study of the formation of a 
partnership or a company, and of the management team. 
Then follow four chapters devoted to the location, equip- 
ment, and layout of the factory ; next the employing and 
training of labour, and industrial health are considered. 
Chapters 22 to 26 are concerned with production, sales, 
costs, and accounts. 

The concluding section is most useful ; it consists of more 
than two hundred questions and problems for written and 
oral discussion. All of them are the sort which continually 
arise in practice and to which an efficient works director 
must know the answers. It is impossible to over-estimate 
the value of a book such as this, particularly under present- 
day conditions, and it is to be hoped that it will be widely 
read. It is well written, clearly printed, and well bound. 

J. FERDINAND KAysER. 


Vinuiams, G. E. “Technical Literature, its Preparation 
Pp 


and Presentation.’ 8vo, pp. 117. London, 1948: George 
Allan and Unwin, Ltd. (Price 7s. 6d.) 

This book, by the head of the Editorial Department of 
the Institution of Electrical Engineers, aims at affording 
help to authors of papers, and undoubtedly the majority 
can benefit from it. Stress is laid on the importance of 
starting by consideration of the outstanding question of 
who are the prospective readers of the journal for which 
the paper is intended. Far too many authors miss the 
wider attention they deserve by writing in too specialized 
and technical a jargon. 

The importance of careful organization of the arrange 
ment of papers so that their thesis follows a logical sequence 
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is emphasized, and the ways of sustaining the reader’s 
interest are given in an interesting appendix on the psycho- 
logical principles upon which effective authorship depends. 
The useful bibliography might now be extended by Sir 
Phillip Hartog’s book, ‘“‘ Words in Action” (1947, Univer- 
sity of London Press), and R. O. Kapp’s “ The Presentation 
of Technical Information’? (1948, Constable and Co.). 
R. 8. Hurron. 
Zener, C. “ Elasticity and Anelasticity of Metals.” 8vo, 
pp. x + 170. Illustrated. Chicago, 1948: University 
of Chicago Press ; London: Cambridge University Press. 
(Price 22s. 6d.). 

Anelasticity is the term used by Professor Zener for the 
deviations of solids from purely elastic behaviour at 
stresses below those that produce permanent set; _ it 
includes, for example, internal friction, the elastic after- 
effect, and mechanical hysteresis. The measurement of 
anelastic properties provides a technique of great value 
for studying metals and alloys—a technique which is 
likely to become very widely used when the full extent of 
its power is realized. It is already giving a more intimate 
knowledge of the process of precipitation in interstitial 
alloys and of grain-boundary slip than is to be gained by 
any other method. Professor Zener has specialized in this 
field for several years and has been responsible for many 
outstanding developments. His monograph is thus to be 
particularly welcomed. 

The book is divided into three main parts which deal 
respectively with elasticity, the general theory of anelas- 
ticity, and the physical interpretation of anelastic pheno- 
mena in metals and alloys. The chapters on elasticity 
are intended mainly to prepare the reader for the later 
sections, although they are given an intrinsic interest by 
the inclusion of discussions of the atomic theory of elastic 
constants and of the use of elasticity data for determining 
the stability of body- and face-centred cubic crystal 
structures. The general theory of anelasticity starts with 
an analysis of the properties of the standard linear solid 
and is then elaborated with the aid of Boltzmann’s remem- 
brance function. Methods of measuring internal friction 
and the anelastic relaxation spectrum are disctissed and 
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general principles are laid down for interpreting the results 
physically, Many applications are then reviewed, including 
thermoelastic coupling, magneto-elastic effects, relaxation 
by thermal and atomic diffusion and the ordering of solute 
atoms. The beautiful work of Snoek on the elastic after. 
effect of ferrite containing carbon and nitrogen, and of 
Ké on grain-boundary slip, is described. The final pages 
discuss creep, slip bands, and various plasticity problems. 

As is to be expected in a work by Professor Zener, the 
text is extraordinarily rich in new ideas and should serve 
as the starting point for many researches. Most of the 
ideas are very attractive and in only two cases did the 
reviewer feel like asking questions. On page 111 it is 
suggested that atoms in substitutional solution may relieve 
tensile stress by forming ordered pairs orientated along the 
axis of tension ; it is difficult to see how this can operate if 
the atoms behave as elastic spheres. On page 133 an 
advancing slip band is treated as a crack for the purpose 
of estimating the stress concentrated at its spearhead, 
thereby assuming the effect of the cohesion between the 
atomic planes on the surface of the slip plane to be 
negligible. However, these are questions to be resolved 
by future investigation ; the second point, at least, is a 
reflection of the different lines along which Professor 
Zener’s school, with its attempt to apply macroscopic 
concepts like viscosity to microscopic phenomena, and the 
English school, with its emphasis on dislocations, are 
working. 

Anelasticity is an inherently mathematical subject and 
the author’s treatment is elegant rather than elementary, 
so that not all metallurgists will find his book easy to read. 
Fortunately, the sections of most interest to the general 
metallurgist are also the least mathematical. All who 
specialize in physical metallurgy, however, ought to make 
a careful study of the whole text, for the treatment is both 
authoritative and brilliant, and the book must surely 
become a standard work for many years. Professor Zener 
and the Chicago Institute for the Study of Metals are to be 
congratulated for having made such a distinguished start 
to their series of monographs on the science of metals. 

A. H. CottTre.. 
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British ELECTRICAL AND ALLIED INDUSTRIES RESEARCH 
AssociATION. Technical Report Reference N/T44. 
‘“* Magnetism Curves for Ferromagnetic Single Crystals.” 
By H. Lawton and K. H. Stewart. 4to. Pp. 18. 
London, 1948: The Association. (Price 12s.) 

Canninc, W., AND Co., Ltp. ‘“* Handbook on Electroplat- 
ing.” Pp. 553. Birmingham: The Company. (Price 
21s.) 

Cazaup, R. “ Métallurgie.” (Aide-Mémoire Dunod.) 
63e édition. Sm. 8vo, pp. xlvi + 303. Illustrated. 
Paris, 1949: Dunod. (Price 350 francs.) 

CENTRE TECHNIQUE DE ILA GROSSE FoRGE. “ Comptes 
Rendus des Journées de la Grosse Forge.” Organisées 
par le Centre Technique de la Grosse Forge 4 Paris, les 
27, 28 et 29 Mai, 1948. (Chambre Syndicale de la Grosse 
Forge Frangaise). 4to, pp. 231. Illustrated. Paris. 

CHRISTEN, H. “ Materiallehrer: Ein Lehrbuch far den 
Unterricht an Gewerbe- und technischen Mittelschulen 
und zum Selbsstudium.” Finfte, erweiterte Auflage. 
8vo, pp. viii + 575. Illustrated. Frauenfeld (Switzer- 
land), 1948: Verlag Huber & Co., A.G. (Price 11.80 
francs.) 

ELECTROCHEMICAL SOCIETY AND THE NATIONAL ASSOCIATION 
oF CorROsION ENGINEERS. “ Cathodic Protection.”’ 
A Symposium. La. 8vo, pp. 203. Houston, Texas: 


National Association of Corrosion Engineers. (Price 
$6.00.) 

Frecp, 8. “ The Principles of Electrodeposition (The 
Electro-Ohemistry of Electro-Plating).” Second Edition. 
London: Sir Isaac Pitman and Sons, Ltd. (Price 
25s.) 

HartTsHorn, L. ‘ Radio-Frequency Heating.” 8vo, pp. 
237. LIlustrated. London, 1949: George Allen and 
Unwin, Ltd. (Price 21s.) 
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Henry, O. H.. and G. E. Cuaussen. ‘* Welding Metallurgy. 
Iron and Steel.” Revised by G. E. Linnert. Second 
Edition. 8vo, pp. ix + 505. Illustrated. New York, 
1949: American Welding Society. (Price $2.50.) 

“ Hiitte. Des Ingenieurs Taschenbuch.”’ Hrsg. vom Akadem- 


ischen Verein Hiitte. 27. neubearb. Auflage. Bd. 2. 
8vo, pp. xxviii 1396. Illustrated. Berlin, 1949: 
Wilhelm Ernst und Sohn. (Price DM 20.) 

Iron AND STEEL INSTITUTE, Special Report No. 40: ‘‘ Atlas 


of Isothermal Transformation Diagrams of B.S. En 
Steels.” Submitted by the British Iron and Steel 
Research Association, Metallurgy (General) Division. 
4to, pp. 63. London, 1949: The Institute. (Prices : 
Members 15s., Non-Members 25s.) 

[Ron AND STEEL InstTITUTE, Special Report No. 42. “* Report 
on The Bessemer Process.” Submitted by the British 
Iron and Steel Research Association, Steelmaking 
Division. 4to, pp. 80. London, 1949: The Institute. 
(Prices: Members 15s., Non-Members 25s.) 

Lorp, J. D. “ Alloy Systems.” Pp. xix + 380. 
York: Pitman Publishing Corp. (Price $5.00.) 

RaBAaLp, E. “ Dechema Werkstoff-Tabelle, 1948.’ 8vo.. 
pp. 134. Frankfurt, 1948: Dechema. (Price DM 19.80.) 

SancTE Orgens Ginue. “ Med Hammare och Fackla X VII.” 
Arsbok utgiven av Sancte Orjens Gille, 1948. Pp. 105. 
Illustrated. Stockholm, 1949. 

Smmpson, H. A. ‘“‘ Industrial Accountancy.” 
tion. London: Sir Isaac Pitman and Sons, 
(Price 25s.) 

Tewes, K. “Stahl und Eisen beim Schweissen.’’ Werk- 
stoffkundliche und metallurgische Grundlagen fiir den 


New 


Second Edi- 
Ltd. 


Schweissfachmann. 3. Auflage, pp. 226. Illustrated. 
Essen, 1948: Vulcan-Verlag Dr. W. Classen. (Price 
DM 9.50.) 
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SIR JOHN JAMES 


IR JOHN JAMES was born at Stockton-on-Tees in the late ‘seventies. His family 
had been connected with pig-iron manufacture and the rolling of wroug! 
since the beginning of the century, and in the late ‘nineties there was a veritable 

colony of James’ at the Stockton Malleable Iron Works, where his father and most of 
his father’s brothers were employed. It was here that he received his early training 
as an apprentice roll-turner. 

After a few years the Company changed hands and became part of the South Dur 
Steel and Iron Company Limited, under the control of the Furness interest. Later 
the Cargo Fleet Iron Company Limited was formed under the same financial control 
and a new works was built ; Sir John was transferred to the new concern and started 
up the rolling mills, which were of American design. He was subsequently appointed 
General Works Manager under the late Mr. Benjamin Talbot and then Resident 


25 which formed the Furness 


Director, serving also as Director of all the steel companies 


Group. 

In 1930 the Lancashire Steel Corporation Limited was formed to take over the iror 
and steel interests of the Wigan Coal and Iron Company Limited, The Pearson and 
Knowles Coal and Iron Company Limited, and The Partington Steel and Iron Company 
Limited, together with Rylands Brothers Limited, wire manufacturers. Lord Norman, 


then Governor of the Bank of England, was closely concerned with the formation of 
the new Corporation, and Sir John was selected as its first Chairman. In 1934, the 
wire section of the business was extended by the purchase of the Whitecross Company 
Limited, and three years later, in association with the late Sir Alan Macdiarmid, The 
Lancashire and Corby Steel Manufacturing Company Limited was established under 
his Chairmanship. These extensions of the Corporation's interests were accompanied 
by a complete reconstruction of the Irlam and Warrington Works, together with the 
re-equipment of their wire interests. 

Sir John joined the Board of Messrs. Richard Thomas and Company Limited (now 
Messrs. Richard Thomas and Baldwins Limited) in 1938, and was elected Deputy 
Chairman of the Company in the same year. He is also a Director of the following 
Companies : The Wigan Coal Corporation Limited (Vice-Chairman); Messrs. Davy 
and United Engineering Company Limited ; The Pearson and Knowles Engineering 
Company Limited (Chairman) ; The British Iron and Steel Corporation Limited ; and 
Messrs. Rylands Brothers Limited (Chairman). 

His enthusiasm for modernization led Sir John to take a keen interest in the work of 
the British Iron and Steel Federation, and he has served on a number of the main 
Committees of that organization. He has been a Member of The Iron and Steel 
Institute since 1907 and was elected an Honorary Vice-President in |939. 











Sir John James 


Honorary Vice-President 
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Free Energy and Metastable States in the lron- 
Nickel and [ron—Manganese Systems 
By F. W. Jones, Ph.D. and W, I. Pumphrey, M.Sc., Ph.D. 


SYNOPSIS 


A study has been made of the transformations which occur in iron-rich binary iron-nickel and iron- 
manganese alloys at heating and cooling rates of the order of 10° C./min. The progress of the transformations 


on continuous heating and cooling has been followed dilatometrically. 


A quantitative explanation of the 


transformations is given by the application of thermodynamical principles to the equilibrium diagram. The 
energy of lattice strain arising from the transformations appears to be insufficient to explain the observed 
hysteresis between the transformations on heating and cooling. 


Introduction 


N the study of the heat-treatment of steels one of 
the most important considerations is the effect of 
alloying elements on the critical cooling rate of 

the steel, z.e., the cooling rate which must be exceeded 
if the steel is to be fully hardened. The critical cooling 
rate is determined by the rate of transformation of 
metastable austenite at various temperatures. The 
rate of transformation is dependent upon the following 
factors : 
(i) The energy changes accompanying the various 
stages of the transformation 
(ii) The rates of diffusion of the various elements 
present in the steel 
(iii) The surface energy at the boundaries of the 
new phases formed during the transformation, and 
the strain energy due to volume changes accompanying 
the transformation. 
Not a great deal is known of the relative importance 
of these factors, although the effect of the decrease 
in diffusion rates with decrease in temperature has 
long been recognized. 

Small additions of various alloying elements can 
exert an exceedingly large effect in decreasing the rate 
of transformation of a steel, but little is known of the 
mechanism by which such decrease is brought about. 
From the theoretical aspect, the study of the effects 
of alloying elements on the transformations in steels 
is rendered difficult by the complexity of the systems 
involved. It therefore appeared possible that a 
preliminary study of the effect of alloying elements 
on the « = y transformation in iron, in the absence 
of carbon, would yield results of considerable help 
in the understanding of the more complicated pheno- 
mena associated with the transformations in steels. 
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This paper describes an investigation of the trans- 
formations which occur in Fe-Ni and Fe—Mn alloys, 
on heating and cooling. Isothermal transformations 
in these alloys were not investigated at this stage. 
THE IRON-NICKEL SYSTEM 

The overall free energy change due to the trans- 
formation may be calculated for certain simple types 
of equilibrium diagram.!' For the purposes of this 
investigation it was desired to know the free-energy 
relationships for the Fe—~Ni system, for which purpose 
a knowledge of the exact form of the equilibrium 
diagram of this system was essential. The literature 
of the Fe—Ni system is very extensive. Griffiths? gives 
nearly 200 references, and the bibliography given 
by Hansen? is also extensive. It seems probable that 
interest in the system was stimulated to some extent 
by the fact that it was difficult to reconcile the results 
of much of the early experimental work with the 
phase rule. Figure 1, taken from the results of Honda 
and Miura,‘ was, until recently, the accepted diagram 
showing the transformations occurring in these alloys.* 
More recently, diagrams have been published by 
Owen and Sully,> Pickles and Sucksmith® and by 
Hoselitz and Sucksmith,’ which appear more repre- 
sentative of equilibrium conditions. In the main, 
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This work was carried out in the Metallurgy Division, 
of the National Physical Laboratory. Dr. Jones is now at 
the Brown-Firth Research Laboratories, Sheffield, and 
Dr. Pumphrey is in the Metallurgy Department, Birming- 
ham University. 

* The compositions of the alloys in Fig. 1 have been 
converted from wt.-°% to at.-°,. Throughout this paper 
all compositions are given in at.-%. 
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TEMPERATURE, °C. 





10 20 
NICKEL ATOMIC % 


Fig. 1—Portion of iron-nickel phase diagram 
(Honda and Miura) 


the equilibrium diagrams proposed by these later 
workers are in moderate agreement. Their results 
give some indication of the causes of the difficulties 
encountered with the system. For example, at 
temperatures below 500° C. the mobility of the atoms 
is so low that equilibrium is. not attained in a reason- 
able time unless the rate of approach to equilibrium 
is accelerated by cold working the alloys, or by strain- 
ing the lattice by suitable prior quenching treatment. 
On the other hand, if alloys containing up to about 
27% of Ni are quenched from temperatures above 
550° C., there occurs a transformation from y to « 
which cannot be suppressed by quenching. The 
resulting phase, which gives broad lines in the X-ray 
spectrogram, is usually known as «,. These complica- 
tions render observations at high temperatures 
essential. All Bradley and Goldschmidt’s* X-ray 
photographs were taken at room temperature, and it 
seems possible that the complication of their diagram 
results from an attempt to fit metastable states into 
the equilibrium diagram. 

The chief difference between the diagram of Owen 
and Sully and that of Hoselitz and Sucksmith lies in 
the width of the « + y region at temperatures below 
500°C. At 500°C. the «-phase boundary is given 
as 5% (Owen and Sully), and 10% (Hoselitz and 
Sucksmith). At 400°C. Owen and Sully give the 
y-phase boundary as 42% of Ni, while Hoselitz and 
Sucksmith place it at 33% of Ni. In the discussion on 
the paper by Hoselitz® on the Fe—Ni phase diagram, it 
was suggested that the discrepancies between the X- 
ray and the magnetic results might be due to the fact 
that filings and solid specimens, respectively, had been 
used in the two investigations. Therefore, the follow- 
ing experiments were carried out to locate the position 
of the «-phase boundary at 500° C. Filings, and cold- 
worked solid specimens of alloys containing 4-9%, 
7°4%, and 9-7°% of Ni,* were heated to 500° C., and 


* Details of the production and homogenization of the 
alloys used in the present investigation are given on 
p. 125. 
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were maintained at that temperature for 28 days, 
An X-ray examination showed no difference between 
the various types of specimen of one particular 
composition. There was an appreciable quantity (of 
the order of 20%) of the y phase in the 9-7% Ni alloy, 
a faint trace of the y phase in the 7-4% Ni alloy, but 
none was detectable in the alloy containing 4-9°% of 
Ni. 

The above results are in closer agreement with those 
of Owen and Sully than they are with those of Hoselitz 
and Sucksmith; the discrepancies between the 
diagrams due to these workers are not, apparently, 
due to the form of specimen used. An alternative 
possible reason for the differences is that the criteria 
for fixing the boundaries are different in the two 
cases; whereas Hoselitz and Sucksmith fixed the 
boundary of the two-phase region from consideration 
of the compositions of the phases present in a range 
of alloys, Owen and Sully located the boundary by 
determination of the phases actually present in the 
alloys. It seems probable that true equilibrium was 
not attained in either case, so that the two criteria 
may easily give different results. Since the X-ray 
method appears to be the more direct, use has been 
made of the diagram (Fig. 2) due to Owen and Sully 
with slight modifications later introduced by Owen,!° 
in the free-energy calculations. 


FREE-ENERGY RELATIONSHIPS 


The application of thermodynamical principles to 
equilibrium diagrams has been the subject of a paper 
by Wilson. The condition of equilibrium in any 
system is such that a state of lowest free energy is 
attained ; a decrease in free energy accompanies any 
transformation, and its magnitude has a bearing upon 
the way in which the transformation takes place. 
The free energy F is given by : 
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Fig. 2—Calculated and experimental iron-nickel phase 
diagram 
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where U represents the internal energy of the system, 
T the absolute temperature, and S the entropy. For 
example, Fig. 3 shows hypothetical free-energy curves 
plotted against concentration of the « and y phases, 
near the iron-rich end of a binary system of iron 
with some other element such as nickel. These curves 
relate to one particular temperature. Up to a concen- 
tration cz, the alloy has minimum free energy if it 
is composed entirely of the « phase, and above a 
concentration cy, if it is composed entirely of the 
y phase. Between these compositions, the free energy 
is a minimum if the alloy is composed of two phases 
of concentrations cz, and cy respectively, the relative 
proportions of the phases present depending on the 
composition of the alloy as a whole. The equilibrium 
concentrations cy, and cy of a two-phase alloy are 
determined by the condition that the common tangent 
touches the two free energy curves at these concen- 
trations, so that the conditions for equilibrium are : 

dF, dF, 


paceeabpemrcdscea tt esatecoes (2 
de de 
F, —F, iF, LF. 
and —” (‘ (' ) 
Cy. = 0% de a de " 
PR F dF, dF, 
om He bee 7 ee “tae ’ 
Cy C. 
dF. i 
‘ Ry = ie Pic ee? | eee ore 3 
and F, (>) F.— Ca Se) (3) 


Much of the data required for calculation of the 
actual free energy curves is lacking. However, 
provided certain assumptions are made, it is possible 
to make a fair estimate of what may be called the 
‘relative free energies ’ of the « and y solid solutions. 
The relative free energy is defined in the Appendix, 
and is adequate for determining the equilibrium con- 
ditions, and also the free energy difference between 
x and y phases of the same composition. 

The methods of calculation and the assumptions 
made in this paper are the same as those of Zener,’ 
with the difference that in this paper the curves of 
relative free energy have been derived, which some- 
what simplifies the understanding of the free-energy 
changes during transformations. 

The data necessary for the computations include 
the free-energy difference between «-iron and y-iron 
at various temperatures, (AFy.), and a quantity AH. 
which is the difference between the energies absorbed 
when 1 g. atom of the solute is dissolved in «-iron 
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Fig. 3—Hypothetical free energy plotted against con- 
centration of the « and y phases near the iron-rich 
end of a binary system 
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Fig. 4—Free-energy curves of « and y phases in the 
iron-nickel system at different temperatures 


and in y-iron. It is assumed that AH is independent 
of both temperature and concentration, which assump- 
tion should be reasonably correct for dilute solutions, 
where all the neighbour atoms of a solute atom will 
be iron atoms, but it may be erroneous when the 
solution becomes so concentrated that an appreciable 
proportion of the neighbour atoms of a solute atom 
are also themselves solute atoms. Figure 4 shows the 
relative free energy (f) of the x and y phases of the 
Fe-Ni system, calculated from the phase diagram of 
Owen, with certain constants, which do not affect 
the argument, omitted from the free energies. Details 
of the calculations are given in the Appendix. The 
equilibrium concentrations (indicated by arrows in 
Fig. 4c) of the « and y phases are given by the 
positions at which the common tangent touches the 
free-energy curves. These equilibrium concentrations 
may be calculated from the expressions derived for 
the free energies of the ~ and y phases ; the phase 
diagram derived in this way is shown compared with 
Owen’s empirical diagram in Fig. 2. The agreement 
obtained affords a check on the calculations. Con- 
sidering an alloy containing 10° of Ni and consisting 
solely of the y phase, which is the equilibrium struc- 
ture of such an alloy above 700° C., if the temperature 
of such an alloy is suddenly reduced to 500° C., its 
free energy is given by the point 4 in Fig. 4c. The 
point C gives the free energy of the alloy in equilibrium 
at 500° C., consisting partly of the « phase containing 
5% of Ni, and partly of the y phase containing 28% 
of Ni. To obtain this equilibrium state of lowest 
free energy, diffusion is necessary, but since the rate 
of diffusion is quite slow at 500° C., this equilibrium 
state is only attained after a very considerable time. 
However, it can be seen from Fig. 4c that a diffusion- 
less transformation from y, of composition 10°% of Ni, 
to «, of the same composition, is possible, and that 
such a transformation would be accompanied by a 
considerable decrease in the free energy (4B). Clearly, 
no diffusionless transformation from y to « would 
be expected at 500° C. in alloys containing more than 
15% of Ni, since an increase in the free energy would 
be involved, but it does not necessarily follow that a 
transformation will, in fact, occur if the curves show 
an accompanying decrease in the free energy, and 
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the experimental results indicate that there is a 
threshold change in the free energy necessary to 
initiate the transformation. Thus, at 500° C. there 
is a range of compositions on either side of that at 
which the free energies of the « and y phases are 
equal, in which the transformation does not proceed 
in either direction. For Ni contents below this range 
the « phase is stable ; for Ni contents above this range 
the y phase is stable. A similar argument may be 
applied to a consideration of the phases present in 
Fe-Ni alloys at other temperatures. In Fe—Ni alloys 
the rate of diffusion is exceedingly slow at tempera- 
tures below 500° C., as is shown by the very slow rate 
of approach to equilibrium.’ Nevertheless, at heating 
and cooling rates of the order of 10° C./min., trans- 
formations occur below this temperature, and, in 
fact, down to liquid-air temperature. Furthermore, 
the transformation temperatures are not sensitive to 
variations in the rate of heating or cooling.® It 
appears, therefore, that the transformations observed 
in Fe—Ni alloys with these relatively fast rates of 
change of temperature are not a diffusion phenomenon, 
but are due to a spontaneous change of lattice type 
with no alterations in the compositions of the indi- 
vidual crystals. This view has already been advanced 
by Hansen.* There is a marked hysteresis between 
the transformation temperatures on heating and 
cooling, as is shown by the results of the Japanese 
workers‘ (see Fig. 1). This means that at a tempera- 
ture of, say, 500° C., there is a range of compositions, 
approximately 9-19% of Ni, in which the trans- 
formation does not proceed in either direction. As 
was suggested above when considering the free energy 
curves, it appears that the free energy required to 
initiate the transformation must be greater than a 
certain threshold value. In Fig. 1 are shown plotted 
the concentrations at which the free energies of the 
« and y phases are equal. This concentration increases 
as the temperature falls, the transformation curves, 
which have been suggested as corresponding to the 
critical free-energy changes necessary to initiate the 
a — y and y + « transformations, lying on either side 
of the equal free-energy curve. This suggests that the 
metastable phases present in an alloy at any particular 
temperature are largely determined by the free-energy 
curves at that temperature and also, of course, by 
whether the alloy has been brought to that tempera- 
ture by heating or by cooling. The argument given 
above indicates in a qualitative way how the trans- 
formation behaviour shown in Fig. 1 may be reconciled 
with the equilibrium diagram of Owen and Sully. 
The results of some quenching experiments by Owen 
and Sully are also of interest in this connection. 
According to the results of the Japanese workers 
shown in Fig. 1, alloys containing the y phase of 
composition less than 26% Ni should wholly, or 
at least partly, transform to the « phase (a) on 
cooling to room temperature. Alloys containing the 
y phase of a higher Ni content than 27% should 
persist unchanged on cooling to room temperature. 
Figure 5 shows the phases present (room temperature) 
in alloys quenched by Owen and Sully after they 
had been annealed for periods sufficiently long to 
approach equilibrium fairly closely at the temperature 
Shown. The phases present in these alloys are in most 
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cases what would be expected from Fig. 1 on the 
basis of the above reasoning. For example, an alloy 
containing 16°, of Niin equilibrium at 800° C. consists 
entirely of the y phase, and since the composition of 
the y phase is less than 26%, the alloy transforms to 
the a, phase on cooling. An alloy containing 37: 2% 
of Ni in equilibrium at 800° C. consists entirely of the 
y phase, and suffers no change on cooling to room tem- 
perature, since the composition of the y phase is over 
27% of Ni. When in equilibrium at 500° C., an alloy 
containing 16% of Ni consists of the «, phase con- 
taining 5% of Ni, and the y phase containing 27%, 
of Ni; therefore, on cooling to room temperature no 
change takes place in this alloy. In alloys quenched 
from the equilibrium « + y field above 500° C., the 
composition of the y phase is less than 26% of Ni. 
At room temperature such alloys would, therefore, be 
expected to contain the «, and «, phases, which would 
be very difficult to distinguish on an X-ray photograph 
from «, alone, which is the structure given by Owen 
and Sully for alloys in this region of the diagram. 
Four alloys, marked A in Fig. 5, are not in accordance 
with prediction based on Fig. 1. Two of these, con- 
taining 27°1°% of Ni, are marginal cases ; as regards 
the 30°3% Ni alloy, it is possible that the quenching 
strains resulting from the high-temperature quenching 
treatment have reduced the critical energy change 
required to initiate the y to « transformation. It 
will be noticed that the composition of the y phase 
in equilibrium at 500°C. and below is over 26%, 
so that alloys in equilibrium at 500°C. and _ below 
suffer no transformation on quenching to room 
temperature. If, however, such alloys are cooled to 
liquid-air temperature, it is apparent from Fig. 1 that 
some transformation of the y phase to «, should occur. 
This was verified with the 9°7% Ni alloy, which, after 


being left for one month at 500°C., consisted of 


the a, + y phases at room temperature. The pro- 
portion of the « phase as shown by an X-ray photo- 
graph was considerably increased by treatment in 
liquid air. The structures given in the quenching 
diagram (Fig. 5) are therefore characteristic, not only 
of the temperature from which the alloys have been 
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quenched, but also of the lowest temperature to 
which they have been subsequently cooled. 

The reasoning above, although admittedly qualita- 
tive in nature, suggested that informative results 
might be obtained by the application of free-energy 
considerations to the transformations in the Fe-Ni 
system, and the further experimental work was 
carried out in an attempt to derive quantitative 
relationships between free-energy and transformation 
behaviour. In addition, a few experiments were 
carried out with Fe-Mn alloys. The Fe-Mn diagram!” 
is similar to that of Fe—Ni, and the transformation 
behaviour at moderately fast rates of heating and 
cooling is also similar. 


PREPARATION OF THE ALLOYS 


The Fe-Ni alloys were made from N.P.L. Mark 2 
iron!’ and Mond Nickel nickel pellets, remelted under 


hydrogen. The impurities in the two materials 
were as follows : 
[ron Nickel 
Impurities, % 
Carbon 0-01 0-005 
Silicon 0 -005 Nil 
Sulphur 0-001 Nil 
Phosphorus 0-018 0 -002 
Manganese 0 -0003 
Nickel 0 -0014 —_ 
Copper 0-01 Trace 
Magnesium 0 -002 ode 
Aluminium 0-001 Soe 
Tron ae 0-09 


The two materials were melted together, in crucibles 
of pure fused alumina, in an H.F. induction furnace. 
Hydrogen under a pressure of 10 cm. of mercury was 
passed continuously over the molten alloys during 
heating, and for 90 min. after melting. During 
solidification, hydrogen was passed over at the same 
rate, but the system was pumped down to a pressure 
of about 1 mm. of mercury. Subsequent microscopic 
examination showed that the hydrogen treatment 
had been efficacious in preventing oxidation during 
melting. 
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Fig. 6—Assembly of dilatometer specimen 
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The weight of the ingots was about 200 g. They 
were forged down at a temperature of about 1100° C. 
from cylinders of 1} in. dia. to rods of } in. dia. 
After mechanical descaling the rods were homogenized 
for 24 hr. at a temperature of 1250° to 1300° C., under 
a vacuum of 0:03 mm. of mercury. The dilatometer 
and X-ray specimens, and samples for chemical 
analysis were taken from the homogenized rods. 

The preparation of the Fe—Mn alloys was similar 
to that of the Fe—Ni alloys, except that the desired 
compositions were obtained by diluting Fe-Mn alloys 
previously used by Gayler!4 with N.P.L. Mark 2 iron. 
The hydrogen pressure during melting was main- 
tained at 50 cm. of mercury, and the time during 
which it was passed over the molten alloy was reduced 
to 30 min., to prevent excessive loss of Mn. 

The analyses of the alloys were as follows : 


Nickel, wt.-°% Nickel, at.-% Manganese, wt.-% Manganese,at.-% 

2-6 2-5 1-4 1-4 
5-1 1-9 3-5 3-+5 
7-8 7-4 8-5 8 -6 

10-1 9-7 

15 -2 14-6 

20 -6 19-8 

25-3 24-4 

32-0 30-9 


EXPERIMENTAL WORK 
Apparatus 

The transformations in the alloys were studied by 
dilatometric and X-ray methods. The dilatometer 
used was a vacuum modification of the usual push-rod 
type. The specimen assembly was as shown in Fig. 6, 
the specimen being of 0-25 in. dia., and 1 in. overall 
length, with conical ends of 45° semi-vertical angle. 
It was hoped to reduce temperature gradients to a 
minimum by the use of such a short, thick specimen. 
To prevent any thermal lag between the temperature 
of the specimen and the measuring thermocouple, the 
thermocouple junction was not welded, but the two 
couple wires were screwed inaividually into separate 
holes in the specimen by means of grub screws. The 
dilatation of the specimen was observed by means of 
a dial gauge. 

During most of the experiments the silica tube was 
evacuated to a pressure of about 10~*° mm., using 
rotary and oil-diffusion pumps. For some of the 
experiments, however, when high rates of change of 
temperature were required, hydrogen at a pressure 
of about 1 cm. of mercury was admitted to the tube. 
The specimen was heated and cooled at the required 
rates, using a furnace controlled by a platinum 
resistance regulator.15 

The X-ray cameras used were of two types; a 
normal cylindrical powder camera, and a cylindrical 
camera in which a solid specimen was mounted at 
the centre. 

Results 

(a) Experiments with 14°6% and 4°9% Nickel 
Alloys—To attain the equilibrium in the duplex region 
indicated by the phase diagram, diffusion is necessary. 
It is not easy to explain the transformations observed 
in Fe—Ni alloys at normal rates of heating and cooling 
on the basis of the equilibrium diagram, and previous 
workers suggested that transformations were, in 
fact, diffusionless under these particular conditions. 
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Fig. 7—Dilation curves of 14-6% Ni alloy heated and 
cooled at two different rates 


To confirm these ideas, certain preliminary experi- 
ments were carried out with alloys containing 4°9% 
and 14°6% of Ni. Figure 7 shows the dilatation 
plotted against temperature for the 14°6% Ni 
alloy, using heating and cooling rates of 2° C./min. 
(full line) and approximately 150° C./min. (dotted 
line). The dilatation curves on the 4°9% Ni alloy, 
using the same heating and cooling rates, showed 
the same close similarity as observed for the 14°6% 
Ni alloy. The similarity of the curves over this 
wide range of rates of change of temperature indicates 
that, under these conditions, the transformations are 
dependent on temperature rather than on time, which 
is in agreement with the hypothesis that they are 
diffusionless transformations. Some of the slight 
differences between the rapid and the slow curves in 
Fig. 7 are due to temperature differences between 
the outer silica tube and the plunger rod and specimen 
at the rapid heating and cooling rates ; in addition, 
the dilatation, in general, was not found to be repro- 
ducible to a high degree of accuracy—variations of 
the order of + 0°5 x 10-3 in. being encountered. 
That with sufficiently long annealing times at high 
temperatures transformations can also take place by 
diffusion in the alloys was shown by the following 
experiment. The 14°6% Ni alloy was heated up to 
580° C., soaked at that temperature for 48 hr., and 
then cooled to room temperature. The results ob- 
tained on subsequent rapid heating to 770°C., followed 
immediately by rapid cooling, are shown in Fig. 8, 
curve (b). The curve is consistent with the break-up 
of the « phase by diffusion at 580° C. into a low-nickel 
%, phase, containing about 10° of Ni, and a high- 
nickel y phase containing about 20% of Ni. The 
latter transformed to «, on cooling to room tempera- 
ture, so that the alloy consisted of ~, and «, phases 
of different Ni contents. On heating the specimen, 
the «, (about 20% of Ni) transformed to y at 580° C., 
and the x, (about 10% of Ni) transformed at 700° C. 
The time spent in the y region above 700°C. was 
insufficient for much homogenization to occur, and 
on rapid cooling, two broad transformation regions 
were observed at about 450° C. and 150°C. respec- 
tively. Similar results have been reported by other 
workers®. 16 and there appears to be little doubt that 
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the transformations in the Fe—Ni alloys observed at 
normal heating and cooling rates are not accompanied 


by diffusion, but are spontaneous metamorphoses of 


one lattice type to another. These transformations 
have no direct relationship with the equilibrium phase 
diagram, and to obtain equilibrium in the duplex 
region in Fig. 2 long-term diffusion treatments are 
necessary. The distinction made above, between 
diffusionless transformations and those involving 
diffusion, is perhaps an artificial one, but with cooling 
rates of the order of 1°-10° C./hr., it would be difficult 
to separate the effects of the two types of trans- 
formation, so that the results would not be suitable 
for theoretical treatment. The work of Bradley and 
Goldschmidt,* who used cooling rates of the order of 
10° C./hr., is not, therefore, easily susceptible to 
theoretical reasoning. 

In order to determine whether nucleation was an 
important factor in these diffusionless transformations, 
the 14:6% Ni alloy was cooled from the y state to 
a temperature of 365° C., which resulted in 50% of 
the alloy transforming to the « phase. On reheating 
the specimen, the « phase present transformed to y 
at the same temperature as an alloy in which no 
nuclei of y were present. This result suggests that 
the surface energy of the inter-phase boundaries is 
not a factor of any great importance in these diffusion- 
less transformations. 

There is a marked resemblance between the diffu- 
sionless transformations in the Fe—Ni system and the 
martensite transformation in steels. Recent work in 
America!’ has confirmed the ideas put forward by 
Carpenter and Robertson’® regarding the nature of 
the martensite reaction. The main features of the 
martensite transformation are : 

(i) Austenite transforms to martensite over a range 
of temperature characteristic of the particular steel 

(ii) A steel quenched to a temperature within this 
range starts to transform as soon as the temperature 
for the beginning of martensite formation is attained. 
and continues to form as cooling progresses 

(iii) If cooling is interrupted at some intermediate 
temperature within this range, the formation of 
martensite is interrupted ; upon resumption of cooling, 
the transformation proceeds once more. 

These features are also characteristic of the trans- 
formations in Fe—Ni alloys. In particular, with regard 
to (iii) above, the results of an experiment with the 
14-6% Ni alloy are of interest. This alloy was 
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Fig. 8—Effect of pretreatment on the transformations 
in 14.6% Ni alloy 
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Fig. 9—Transformation temperatures of iron-nickel 
and iron-manganese alloys 


cooled from the y state to a temperature of 370° C., 
i.e., until it was approximately half transformed. The 
specimen was maintained at this temperature for three 
days, during which period no further transformation 
was observed. On resumption of cooling, the trans- 
formation did not recommence until the temperature 
of the specimen had fallen to about 355° C., when 
transformation (indicated by the expansion of the 
specimen) proceeded, at first so rapidly as to produce 
slight heating of the alloy, after which the formation 
of the « phase continued normally as cooling pro- 
gressed. This phenomenon has been noticed in the 
case of martensite formation.?° 

The above results indicate that with rates of heating 
of 2°C. per min. and above, diffusion and surface 
energy play no important part in the transformations 
in Fe—-Ni alloys. The transformation temperatures of 
a number of other Fe—Ni alloys were determined, in 
an attempt to see to what extent the transformation 
behaviour could be correlated with the free-energy 
changes. 

(b) Experiments with Other Alloys—Dilatation 
temperature curves were taken with all the remain- 
ing Fe--Ni and Fe—Mn alloys listed on p. 125. Since 
the temperatures of the diffusionless transformations 
were independent of the rate of change of temperature 
between 2° C./min. and 150° C./min., a standard rate 
of 10°C./min. was selected for convenience. The 
beginning and end of the transformations were some- 
what indefinite ; the temperatures corresponding to 
10%, 50%, and 90% of transformation on heating 
and cooling were, therefore, abstracted from the 
curves and are listed in Table I below, and shown 
plotted in Fig. 9. The transformation temperatures 
of the 20% Ni alloy appeared, from the curves of 
Fig. 9, to be somewhat high (19-8 (1) in Table [). 
A second alloy was therefore made up which con- 
firmed the previous results (19°8 (2) in Table I). 

All the dilatation/temperature curves were similar 
in type to that shown in Fig. 7. The curves of all the 
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alloys were reasonably consistent as regards the 
coefficients of expansion of the « and y phases, and 
the changes in length accompanying the trans- 
formations, except the 2°5% Ni and the 1-4°% Mn 
alloys, for which the length change « = y was only 
about half of that expected from the results on the 
other alloys. A specimen of pure iron also gave 
anomalous results as regards the magnitude of the 
length changes ; similar effects have been observed 
by other workers,!® but have received no adequate 
explanation. 

There are appreciable differences between the 
transformation ranges found by the Japanese workers 
and those found in this investigation ; this is due 
largely to the different methods of presentation of 
the results. From the dilatation curves given by 
Honda and Miura the temperatures corresponding to 
50% transformation are about 15° C. lower on heating, 
and at Ni contents above 15% they are up to 100° C. 
lower on cooling. Using the same criterion for the 
beginning and end of transformation (10° and 90% 
transformed), the transformation ranges obtained by 
the Japanese are approximately double those found in 
this investigation. These discrepancies may be due 
to actual differences between the behaviour of the 
alloys or to temperature gradients or to other experi- 
mental imperfections. It should be noted that the iron 
and nickel used by the workers in the present investi- 
gation were of a reasonably high degree of purity and 
that, in addition, precautions were taken to ensure 
homogeneity of the alloys, and to obviate the possi- 
bility of temperature gradients in the specimens. 

The Mn transformation temperatures in Table I 
and Fig. 9 are rather lower than those given by 


Table I 


Temperatures on Heating 


Composition, for Transformation 
Ni, At,-% 10% 50% 90°, 
0 921 923 926 
2-5 822 826 837 
4.9 758 762 770 
7-4 719 724 730 
9-7 682 695 701 
14-6 631 637 642 
19 -8 (1) 590 596 613 
19 -8 (2) 583 590 603 
24-4 507 521 542 
30-9 417 436 450 
Mn, At,-% 
1-4 856 858 863 
3-6 782 790 798 
8-6 660 666 678 
Temperatures on Cooling 
Ni, At,-% for Transformation 
0 910 909 904 
2-5 755 749 734 
4-9 668 660 649 
7-4 590 574 554 
9.7 513 504 480 
14-6 383 365 324 
19-8 (1) 271 258 224 
19-8 (2) 273 260 210 
24-4 136 115 71 
30 -9 —19 —48 —180 
Mn, At,-% 
1-4 802 796 787 
3-6 641 628 606 
8-6 322 308 268 
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Fig. 10—Free energy necessary to initiate transforma- 
tion « = y in iron-manganese and iron-nickel alloys 





Walters and Gensamer,*! but are in reasonable agree- 
ment with the results of Troiano and McGuire,!? the 
purity of whose alloys was probably higher than that 
of the former workers. 


DISCUSSION 


In the Appendix, the method of calculating the free- 
energy differences at any temperature between « and 
y phases of the same composition is shown, and the 
constants used in the calculations are given for the 
Fe—Ni and Fe-Mn systems. The free energy corre- 
sponding to 50% transformation was abstracted 
from the curves relating free-energy differences with 
temperature for the various alloys examined. This 
energy is shown plotted against composition in 
Fig. 10a, and against temperature in Fig. 10b. The 
curves of Fig. 10 show a decrease in the free energy 
necessary to initiate the transformation « = y as the 
concentration of the alloying element decreases, or as 
the temperature increases. (Since Ni and Mn depress 
the transformation temperature these variables can- 
not be separated). The curves show several peculiari- 
ties ; for example, the flat portion of the curve shown 
on cooling beyond 20% of Ni, and the fact that more 
free energy is necessary to initiate the transformation 
on heating than on cooling above 20%, of Ni. It is, 
however, difficult to assess the accuracy of the free- 
energy calculations. Comparing Ni and Mn, it can 
be said only that the free energies required to initiate 
the transformations are of the same order. It is 
interesting to note from Fig. 9, that, for the same 
alloy content, Mn depresses the cooling transformation 
temperature to a much greater extent than does Ni, 
but does not differ greatly from Ni in its effect on 
the heating transformation. Any attempt to provide 
an explanation for this fact on the basis of the free- 
energy calculations in the Appendix would be some- 
what hazardous, since the values of AF;, (the free 
energy difference between the «% and y phases of 
pure Fe) deduced from the equilibrium diagrams for 
the Fe-Ni and Fe-Mn systems differ appreciably. 
The assumptions involved in the free-energy calcula- 
tions appear to need re-examination before the 
results may be used with confidence for quantitative 
explanation of experimental results. 

Beyond 10% of Ni the amount of free energy 
required to initiate the transformation « = y is large 
(and thus the thermal hysteresis is large), and it is 
of interest to consider its source. The transformations 
in Fe-Ni alloys are very similar to the martensite 
transformation in steels (see p. 127). It has frequently 
been suggested that the elastic strains arising from 
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the volume change from austenite to martensite play 
an important rdle in the martensite transformation. 
Zener! has shown that the free energy necessary to 
initiate the martensite transformation is about 290 
cal./g. atom, and is independent of the carbon content. 
According to Zener, this free energy is associated with 
the elastic strains arising during the transformation. 
Rough calculations, however, for the Fe—Ni system, 
by the method suggested by Mott and Nabarro,”? of 
the elastic energy stored in the material when a small 
particle of « is formed in a matrix of y, indicate 
that the elastic energy due to the volume changes is 
far too small to account for the free energy required 
to initiate the transformation. The elastic energy is 
of the order of 10-20 cal./g. atom, i.e., rather less 
than one-tenth of the free energy. Some alternative 
explanation is therefore required to account for the 
large amount of free energy necessary to initiate 
transformation. The most probable explanation would 
seem to lie in some form of energy barrier arising in 
in the shear mechanism of the lattice changes, face- 
centred cubic = body-centred cubic. A quantitative 
approach along these lines, however, despite the work 
of Greninger and Troiano,”* would appear to present 
considerable difficulties. 


APPENDIX 

FREE-ENERGY CURVES FOR IRON-RICH ALLOYS 
Derivation of Formulz for Free Energy 

It is possible to introduce certain simplifications in 
the expressions for the free energy, depending upon 
the purpose for which the free energy is required. 
For example, free-energy curves should enable the 
equilibrium concentrations of a system to be derived. 
In addition, the free-energy differences between the 
« and y phases are required for investigation of non- 
equilibrium conditions. For these purposes, any terms 
in the free-energy expressions which are the same for 
the two phases and which are independent of concen- 
tration may be neglected, since at any one temperature 
they will merely have the effect of shifting the free- 
energy zero. In addition, we shall show that any terms 
in the free energy which are linear functions of concen- 
tration, and are the same for both « and y phases, 
may likewise be neglected. 

Suppose that the free energies of the « and y phases 
may be written in the form : 

: F, =f, + Ae + B 
F, =¢,+De+E 

where fa and ¢, are non-linear functions of concen- 
tration, and A, B, D, and E are constants at a par- 
ticular temperature. The second equation may be 
rewritten as : 


F, = ¢, + (D — A)je +(E — B)+ Ac+B 
Taking fy =¢, + (D —A)e + (E — B) 


the equations for the free energies become 
F=f. +Ac+B 
F, =fy +Ac+B 
Consider now the effect of taking the ‘relative 
free energies ’ fa, and fy instead of the full expressions 
F, and Fy. 
df,  adfy 
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af, df. 
then +a +A 

de de 
iF, dF 
hence oe & at 
de de 

(Compare equation 2) 

Uf. df, 

If yy! hea 

h “y ’ de =f de 


Spoon a 


wt a + ml) 


~~ . dF, 
hence F,-— ¢, - a =F, —¢a 5 
(Compare equation 3) 

The conditions for equilibrium are therefore un- 
changed if the relative free energies f, and fy are 
taken instead of the full expressions Fy, and Fy. 
Also since 

F, —F, =f, —f, whence, =¢ 
the change in free energy accompanying a trans- 
formation from y to « of the same composition 
remains unaltered if f, and fy are used instead of 
Fy, and Fy. 

It is clear, therefore, that for the present pur- 
poses, all terms in the free energy which are the same 
for both « and y phases, and which do not involve 
the concentration, or are linear functions of concentra- 
tion, may be neglected. In this way the expressions 
for the free energy are considerably simplified, and 
several unknown factors which are difficult to evaluate 
are eliminated. Such elimination is conveniently 
effected by taking ca = cy (since only the coefficients 
of c are of present interest) and differencing the 
constant and linear terms in c in the free energies of 
the « and y phases. 

The free energy F is : sl by: 

F=U-TS 
a y SS. ae (4) 
where U is the internal energy, 7' is the temperature, 
and S the entropy, which may be divided into the 
‘atomic entropy ’ S, and the ‘ positional entropy’ S,. 

At the temperature 7'o (910° C.) the « and y phases 
of pure iron are in equilibrium, so that their free 
energies are equal. The difference of the internal 
energies is known. For convenience, various quanti- 
ties in the free energy will be related to their value at 
To. All quantities relate to 1 g. atom. 

The internal energy at some temperature, 7',, is 
given by: 


U(T,) = U(To) -{e CaT (T, < Po) 


= U(To) {. taal > To) 


where C is the heat eomeeiied' per g. atom. 
Assuming the Neumann-Kopp rule, for an alloy of 
concentration c of the element J we may take : 
U(T,) = (1 —¢) UpeT:1) + cU3(T1) + cH 
= (1 = c) U Fe(Z'o) + cU3(To) 


To To 
oo o| Cy. @T — °| C,dT + cH 
T; T; 
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where H is the heat absorbed when 1 g. atom of the 

element J is dissolved in iron. H is assumed to be 

independent of both temperature and concentration. 
The internal energy of the « phase is : 


U,A(T;) _ (1 — €)Uarel To) ti cUy(To) 


To (To 
— (1 —c) fe CayedT — ¢ Cy;dT + cH, ...(5) 
IT, IT, 
The internal energy of the y phase may be expressed 
as: 


U,(T,) = Ue(T;) + (1 — €) { Uype(To) — Uare(To) } 


tT, 
-(1— | (CyFe — C,j-.)dT +4 e(H, — H,) 
v4) 
= U,(T,) + (1 — ¢)L 


To 
~~ [ (Cove 
JT; 
where L = Uy,.(7,) — Uxre(7,) and is thus the 
heat absorbed in the transformation « — y at the 
temperature 7’,. 

AH = Hx — Hy where Hy and H, are the heats 
absorbed when 1 g. atom of J is dissolved in the x 
and y phases, respectively. 

It should be noted that all the terms on the right 
hand side of equation (5) are either independent. of 
the concentration or are linear functions of the 
concentration. According to the reasoning at the 
beginning of this section the term U,(7',) which occurs 
in equation (6) may therefore be omitted from the 
free energies of the « and y phases. 

The atomic entropy S, at 7’, is given by : 


Cype)dT — cAH...(6) 


‘ToC 


S,(T;) = S.(To) — bs ar 
. 1 


For the « phase of concentration c : 


C, ’ 
SaalT:) = (1 — €)Spare(T'o) — (1 — €) | reat 
JT, 
T. ¢ 
+ Sqy(To) — € | per biiucsias less (7) 


The atomic entropy of the y phase may be expressed 
as: 


Say(T1) Saa(T 1) a ql =? c) I Say F¢ (T, "| Saare( To yp 
(To Care — CyFe , 
= iss aiid (8) 
ib 1 


Considering now pure iron, at the temperature 7’, the 
free energies of the « and 7 phases are equal, and the 
positional entropy Sp = 0. From equation (4) it 
follows that : 


ap Fel To) = T Sas Fel To) = U, Fel To) = fi Say Fe( T.) 


Therefore 
UyrelTo) — UarelTo)  L 


Say Fel To) — Saare(T'o) =e T. T, 
Substitution in equation (8) gives : 
- L 
Say(T1) = Sqa(T1) + (1 — Cla 
E: EM Je 
4+ (1 —e) 0 (Care = OP icsesciccii (9) 


¢ 1 
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Again, no terms on the right hand side of equation (7) 
involve higher powers of c than the first. The term 
Saa(7',) which also occurs in equation (9) may there- 
fore be omitted from the free energies of the « and y 
phases. 

The positional entropies, S,, of the « and y phases, 
assuming a completely random distribution of the 
atoms, are given by : 

Sp(c) = —R {e loge + (1 — cc) log (1 — c)} ...(10) 
where F is the gas constant. 
Putting c = 0 in equations (6) and (9) gives : 


‘Zo 
UyreTs) = VarelTs) +L + | Care — Cyne 
na 1 


L Cy eee Bee 
4 n ~ aFe “YF val 
SeyrelTs) = Saarel@) + 7, + |, aT 
Let AF ye¢( T',) Fy, Fel T;) ay Farel T,) 


Then from equation (4) since Sp = 0: 


. L(T, — 7) (To : A 2s 
AF (71) = ——p + | (Carre — Cyre)dl 
oO 1 
ee & = C. R 
A r, | (Core ~ CyPOam css. (11) 
JT; f 


The full expressions for the free energies of the « 
and y phases of the alloy of concentration c at a 
temperature 7’, are, from equations (4), (5), (6), (7), 
and (9) : ; 
F(T) = U.(T1) — TySqa(T 1) —T Sp(e) 
PY (T,) = U(T1) — TySaa(T:) — TSp(e) + (1 — e)L 

+ (1 —c) ” (Cave — Cyre)dT — cAH 

JT, 


1 


T To (Cave — Cyr 
—(l—e)L Fy qa — ets | 7 (Cave — ¢ YEe) gm 
To T, T 
= U,(T;) — T,Sq.(T1) — TSp(e) 


+ (1 —c) AF y,(7,) — cAH from equation (11) 


It has been shown that U,(7') and Sag(7') involve 
no powers of c higher than the first. For the present 
purpose they may therefore be neglected. In addition, 
cAH may for convenience be added to the free 
energies of both phases to obtain for the ‘relative 
free energies’ : 

JAT,) = CAH — TyBp(e) ........000000. (12) 
f(T) = (1 — c)AFp(T1) — TrSple) ...... (13) 


Equilibrium Concentrations 
From equations (2), (12), and (13) : 


dS (Cq) dS» (e 
as = ~ art) p vler) 


de de 
From equation (10) : 
dSp SOT a c 
de ~ Rios ( in :) 
Therefore 
AH + AFs,(7;) by Ca ) 
a og (; ae 
eo 
and AH + AFy,(T,)= RT, lg 11 — aay 
(e,(1 - cy) I 
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AH + AF R(T) 
a) Se 
or =e 

cy(1 — ¢,) 
From equations (3), (12), and (13) : 
: dSp(c,) 
1 


(1 — ¢y)AF p(T) — TySp(ey) + ey AF pe(T1) + eT, 7 


dSp(¢,) 
= c,AH — T,Sp(e.) — ¢, AH + 7; 


de 
7 AF (71) Sp(Cy) Cy dSp(c,) Sp(Cq) 
Therefore ne te a ~- 


. Ca US p(c,) 
R de 


Sp 4 c dSp 


since — it ae cloge + (1 — ce) log (1 — c) 
— cloge + clog (1 — e) 
= log (1 — c) 
AF ,,(T 
bie 1) = log (1 — c,) — log (1 — cy) 
Pas ip: AF Fe(T)) 
Therefore feemer tien SL Meroe (18) 
When c is small, we may take log (1 — c) = —c 
AF y,(T1) 
Therefore —t, = oe ee 19) 
sR RT, (19) 
From equations (15) and (18) : 
AH 
Ca RDG wasensoeetuswsasacvens (20) 


=e 
Cy 
From equations (18) and (20) the values of AF'y, and 
AH may be determined from the values of cy, and 
cy at any particular temperature. For convenience 
in calculation these equations may be rewritten : 


AF, = 4-577, [logio(1 — ca) — logio(1 — cy)] 
AH = 4-577’, [logio cy — logyo ca] 


The Iron-Nickel System 


From the diagram of Owen," the values of AF», 
and AH have been calculated at various tempera- 
tures. The value of AH was reasonably constant 
about a value of 2500 cal./g. atom. Values of AF», 
have been calculated by Zener! from the specific heats 
of « and y iron. The values of AF; obtained from 
the Fe-Ni diagram were consistently 25°, above 
those given by Zener. The phase diagram, calculated 
assuming values of AF’, 25% higher than those given 
by Zener and a constant value of 2500 cal./g. atom 
for AH, is shown in Fig. 2 compared with the experi- 
mental diagram. 

From the values of AF; and AH obtained as 
above, the free energies of the « and y phases (fx and 
fy) were calculated as functions of concentration and 
temperature from equations (12) and (13). The free 
energy curves for the « and y phases of the Fe—-Ni 
system are shown in Fig. 4 plotted for temperatures 
of 910°, 700°, 500°, and 0° C. 

In diffusionless transformations, the free-energy 
difference between the « andy phases is of importance ; 
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since there are no changes in composition the posi- 

tional entropies of the « and y phases are the same, 
and hence the free-energy difference 

fa—Sy = cAH— (1 —c)APy, ............ (21) 

For the concentrations of the various alloys used, 

fx — fy was calculated as a function of temperature. 


The Iron-Manganese System 

The constants AH and AF, were calculated for 
the Fe-Mn system, as for the Fe-Ni system, from the 
equilibrium diagram of Troiano and Maguire.!?. A 
value for AH of 2700 cal./g. atom gave the best 
agreement between observed and calculated diagrams. 
The values of AF}, differed somewhat from those 
obtained for the Fe—-Ni system, in this case being 
lower than Zenet’s figures. Since AF, is, of course, 
the free energy difference between the « and y phases 
of pure iron, the values of this function deduced from 
the Fe-Ni and Fe-Mn equilibrium diagrams should 
be identical. The dissimilarity of the values calculated 
from the two systems indicates some deficiency in 
the theoretical treatment. The source of this deficiency 
is, however, somewhat obscure. The values of fy, — fy 
were calculated as functions of temperature for the 
three Fe—Mn alloys examined. 
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NEW DESIGN METHODS FOR WELDED 
STEEL STRUCTURES 


Both steel and money will be saved by new methods 
of design for welded steel structures. The new methods 
are the result of research by the British Welding Research 
Association. 

The steel frames of buildings may be either riveted or 
welded. A welded structure is more rigid and will there- 
fore take a greater Joad without collapsing than a similar 
structure, using the same amount of steel, which is 
riveted. To do the same job, less steel can therefore be 
used in the welded structure. A recently revised British 
Standard (No. 449) permits the welded rigidframe to be 
designed on its load-carrying capacity, but until now 
little information was available about the actual per- 
formance under load. Any acceptable design method 
must be based on the fullest knowledge possible, and the 
British Welding Research Association has for some years 
been supporting a comprehensive investigation carried 
out in the Engineering Department at the University of 
Cambridge. 

The research work has resulted in a theory which takes 
into account both the elastic and plastic properties of 
steel and enables a sufficiently accurate estimate to be 
made of the load which can be placed on the structure 
before it collapses. Long and exhaustive tests have been 
made of the design methods based on the theory. At 
Cambridge, miniature frames and full-scale rectangular 
portals have been loaded to the point of collapse, while 
measurements have been taken of the stresses and 
srtain produced. The results have confirmed the theory 
and have shown that the new methods of design will 
save steel and reduce the cost of welded steel struc- 
tures by a considerable amount. 

Further information on this work, and on other 
matters relating to welding research, may be obtained 
from the Director of Research, Dr. H. G. Taylor, British 
Welding Research Association, 29 Park Crescent 
London W.1. 
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Further X-Ray Study of the Equilibrium 


Diagram of the Iron-Nickel System 
By Professor E. A. Owen, M.A., Sc.D., and Y. H. Liu, Ph.D. 


SYNOPSIS 
This paper gives an account of a further study of the equilibrium diagram of iron-nickel alloys by the 


X-ray method. 


The materials were investigated in powder and in lump form, at room and at elevated 


temperatures. The effects of contamination and insufficient annealing of the specimens, and the sensitivity 
of the X-ray method, were investigated. No difference was observed between the results obtained with 
powder and those obtained with lump material. The equilibrium diagram for the system recorded previously 


by Owen and Sully is confirmed, in the main. 


Introduction 


N previous papers,!: 2» * accounts were given of 
] investigations of Fe-Ni alloys by the X-ray 

method, at temperatures below 1000° C. The phase 
boundaries in the system were determined and a 
study was made of the migration of atoms between 
the « and y phases by considering the changes that 
occurred in the parameter values of the two phases 
after different heat-treatments. On the basis of the 
observations then recorded, an equilibrium diagram 
was suggested, which differed in many respects from 
previous diagrams. Since the publication of that 
diagram several communications have appeared in 
different scientific journals, dealing with the same 
problem but attacking it’ by different methods. The 
results obtained by the various authors agree, in part, 
with the results of Owen and Sully? ; some confirm 
the position of the « boundary, others confirm the 
position of the y boundary but, in each case, only over 
restricted portions of the boundaries. 

Sucksmith* 5 and his collaborators employed a 
magnetic method to determine the phase boundaries. 
They published two diagrams : the first, by Pickles 
and Sucksmith, agreed fairly well with results 
obtained in this laboratory, but there were certain 
important differences, especially in the position of the 
« boundary, which will be considered in more detail 
later; these differences were accentuated in the 
second diagram offered by Hoselitz and Sucksmith, 
and used later by Hoselitz® in his study of the effect 
of cold work on the alloys, when he refers to it as the 
true equilibrium diagram of the system extending 
down to 365° C. Both the x and the + boundaries in 
this second diagram differed materially from the 
authors’ determination by X-ray analysis, the 
former along its whole length, and the latter 
mainly at temperatures below 500° C. 

In another publication by Sachs and Spretnak,’ on 
the structure and properties of some iron-nickel 
alloys, yet another diagram is suggested for the 
system. They, as did Sucksmith and his colla- 
borators, used lump material, studying the problem 
by X-ray analysis and by micro-analysis. At 
temperatures above 500° C. the position of the 
« boundary found by them agrees with that proposed 
by Owen and Sully,? but there appears to be no 
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agreement between the y boundaries over the range 
of temperature between 300° and 800° C., except at 
400° C., where the boundaries cross, although there is 
agreement, contrary to the findings of Sucksmith and 
his collaborators, that the y boundary should extend 
to much higher nickel content than was considered 
to be the case previous to the work of Owen and Sully. 

Because of these disagreements it was considered 
desirable that further observations should be made 
on the system, paying special attention to certain 
points that might possibly account for the differences. 
Among these were (i) the sensitivity of phase-boundary 
determination by the X-ray method, (ii) the effect of 
longer periods of annealing at the lower temperatures, 
(iii) freedom from contamination of the powder 
specimens, and (iv) the effect of using lump 
material instead of powder. 

In addition, it was essential, with alloys containing 
up to about 28 at.-°%, of Ni, to make observations at 
high temperatures, because quenched specimens gave 
no information concerning the structure of the alloys 
before they were quenched. With the improved 
technique developed in this laboratory since the 
previous investigations on this alloy system were 
conducted, it has been possible to obtain more 
accurate results at high temperature than were 
attainable previously, as the temperature could be 
better controlled and determined. 

In this paper an equilibrium diagram has been 
arrived at which, in the main, confirms the one first 
suggested by Owen and Sully.” 


APPARATUS 

Three X-ray cameras were used: A fibre camera, 
for use at room temperature ; a high-temperature fibre 
camera’ of improved design, capable of reaching 
temperatures of about 1000° C.; and a camera of new 
design, for use at ordinary temperatures with a plate 
specimen which could be simultaneously rotated in 
its own plane and oscillated about a vertical in that 
plane. A detailed description of this last camera will 
be given in another paper. 
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HEAT-TREATMENT OF THE ALLOYS 


Ingots of the same alloys that were previously 
used, were available. It had been found in the previous 
investigations that the alloys, as supplied, were homo- 
geneous, and that an annealing treatment at 1000° C. 
was sufficient to remove the effect of previous treat- 
ment to which the ingots had been subjected. A 
standard initial heat-treatment, namely, lump anneal- 
ing at 1000° C. for 5 hr., followed by water quenching, 
was adequate to secure a basis of uniformity in the 
initial condition over definite ranges of composition ; 
material containing up to 25 at.-% of Ni would be 
in the «, condition, alloys containing between about 
25 and 27% of Ni, in the duplex region (a + y), 
and alloys containing higher percentages of Ni in the 
y condition. Powder specimens were prepared from 
small lumps of the ingots which had received the 
standard initial heat-treatment. To remove lattice 
distortion caused by the filing operation, the powders 
were annealed at 600°C. for 14 hr., followed by 
quenching in water at room temperature. 

For high-temperature investigations, the powders 
so prepared received no further heat-treatment ; to 
locate the phase boundaries at temperatures below 
500° C., the powder specimens were afterwards given 
prolonged annealing treatments at the required 
temperatures, followed by rapid air cooling. To avoid 
oxidation all the heat-treatments were given in vacuo, 
the vacuum being such that, after prolonged annealing 
treatment at any of the temperatures chosen, the 
specimens maintained their metallic lustre without 
tarnish. When the temperature at which the heat- 
treatment was conducted was critical, the annealing 
operation was performed in furnaces® supplied with 
current from a battery of large capacity, thus ensuring 
constant temperature conditions. 


SENSITIVITY OF PHASE DETECTION 


The phase boundaries were determined as lying 
between two compositions, one of which gave an X-ray 
film showing one structure only, and the other which 
gave an indication of a faint trace of the second phase. 
It was desirable to know the minimum amount of the 
second phase that would give structure spectrum lines 
which were visible on the X-ray films. For this 
purpose, mixtures of powders of pure y-phase alloy 
and pure iron (« structure), were prepared in the 
proportions 100: 2, 100: 1, and 200:1, by weight. 
Although these mixtures do not reproduce the con- 
ditions obtaining in the mixed-phase alloy, yet they 
provide some information concerning the sensitivity 
of the method for detecting small quantities of the 
second phase. Both the y-phase and the «-phase 
powders in the mixtures were of very fine grade. They 
were thoroughly mixed by shaking them together 
vigorously in sealed glass tubes. By using cobalt 
radiation, and by over-exposing the X-ray film to bring 
out the faint lines, it was possible to detect with cer- 
tainty the « constituent, even in the 200: 1 mixture, 
the (110) reflection from the «-phase, though faint, 
being distinctly visible on the film. Similarly, a mixture 
of powders of pure iron (%-phase) and y-phase alloy, in 
the proportion of 200: 1 by weight, when exposed to 
X-rays, yielded a spectrum which showed the (111) re- 
flection from the y-phase. If the second constituent 
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is present in amounts less than about 0-5%, it may 
be impossible to detect it with certainty, because the 
film would probably have to be so much over-exposed 
that the faint lines from the second constituent would 
be lost in the dark background produced by scattered 
radiation. Thus, the phase boundaries determined 
by this method of surveying structure spectra will 
need adjustment not exceeding 0-5 at.-°%, the y-phase 
boundary having a slightly higher nickel content, and 
the «-phase boundary having a slightly higher iron 
content, than the value determined by direct observa- 
tion. 


EFFECT OF LONGER PERIODS OF ANNEALING 
BELOW 500°C. 

The y-phase boundary of the Fe—Ni system, at 
temperatures below 500°C., has been carefully 
investigated by Owen and Sully, with quenched and 
slowly cooled specimens, by phase detection as well 
as by parameter measurement. The «-phase boundary 
was fixed fairly definitely down to 400° C., but below 
400° C., it was fixed only tentatively, mainly from 
parameter measurements which showed certain 
unusual variations with composition in the duplex 
region. The alloys were given periods of annealing 
of 6 days at 400°, 186 days at 350°, and 265 days at 
300° C., but these periods of annealing were not 
sufficient to bring the alloys to their final equilibrium 
state. Hoselitz estimates that to reach equilibrium 
the alloys, in lump form, would require one year at 
365°, 10 years at 325°, and 40 years at 300°C. Ex- 
tending this calculation, we find that it would require 
about 2 years at 350°, 6 weeks at 400°, and about 
1 day at 500° C. There is no doubt that these periods 
would be shortened with powdered material, and even 
with lump specimens, if these were severely cold 
worked alternately with annealing treatment. In the 
work described in this paper the annealing periods 
were greatly increased. Specimens were kept in 
furnaces controlled to maintain the temperature 
within + 2°C. of the required value, for periods 
ranging from 400 to 616 days at 350°, 124 days at 
400°, and 9 days at 500°C. These periods were 
sufficient to allow the alloys to reach their states of 


Table I 
SPECIMENS ANNEALED AT 350°C. 
Composi- Annealing 


tion, Time, 

Ni, at.-°%, days Structure Remarks 

15 -98 500 at+y y lines diffuse, « lines 
well defined 

20 -32 ” ie Y ” ” ” ” 

27 -12 ” a+y y lines diffuse, ~-doublet 
(310) not well resolved 

30 -60 ” a Y ” ” ” ” 

32 -48 Be at+y y lines diffuse, «-doublet 
(310) unresolved 

36-01 616 a+y y lines diffuse, « lines 
diffuse 

37 -24 ” a rg ” ” ” ” 

39 -46 400 a-+-y y lines diffuse, « lines 
moderate intensity 

44 .26 + at+y y lines diffuse, « line 
(110) faint 

46 -74 os a+ y y lines diffuse, « line 
(110) very faint 

50 -90 ‘i y y lines diffuse, no « phase 
lines 

57-19 ”  g ” ” ” ” 
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equilibrium, except for the shorter periods of annealing 
at 350°C. The results of the examination of the 
photographs taken with the alloys annealed at 350° C. 
are shown in Table I ; a series of photographs taken 
with alloys annealed at this temperature, and ranging 
in composition across the («*-!- y) region, is shown in 
Fig. 1. 

Similar observations taken with the alloys annealed 
at 400° and 500° C., respectively, yielded results which, 
like those recorded in Table I with specimens annealed 
at 350° C., confirmed the position of the y boundary 
at these temperatures, found by Owen and Sully. It 
is significant that even though the periods of annealing 
had been greatly increased—more than ten-fold at 
400° C.—the position of this boundary was still found 
to be the same. It would seem that the equilibrium 
condition had been reached in the shorter period of 
annealing. Judging by the definition of the lines after 
the heat-treatment at 350°C., however, this could 
not have been the case at this temperature, even 
though the extra amount of annealing given at 350° C. 
did not cause a displacement of the boundary. If 
there had been a displacement, it would be expected 
that this would take place in the direction of greater 
nickel content, and not in the opposite direction, as 
would be demanded by the results of Sucksmith and 
his collaborators. 

The position of the « boundary at 400° C. was also 
confirmed, but at 350°C. it was found at a slightly 
higher nickel content than previously, 6-9 instead 
of 5-8 at.-% of Ni, so that, judging by the presence 
of lines in the structure spectra, there does not appear 
to be a decrease of solution of nickel in iron below 
400° C., as was previously concluded from measure- 
ments of lattice parameters of alloys which had been 
annealed for shorter periods. Below 350° C., .even 
longer periods of annealing are required to allow the 
alloys to reach the final equilibrium condition. How- 
ever, in view of the fact that the approach to equi- 
librium is asymptotic with time, and the boundary 
composition probably changes very little in the final 
stages, the figure observed for the boundary at 300°C. 
by surveying structure spectra obtained with powder 
specimens annealed for 430 days, is here given tenta- 
tively at 7-5 at.-% of Ni. A longer time of annealing 
might possibly decrease this figure ; an increase would 
be improbable, because the «, structure, found near 
the boundary in the duplex region at this temperature, 
breaks up into « and y structures. 

A more detailed survey of the « boundary at 
temperatures below 400° C. would be desirable ; the 
necessary alloys were not available for this investi- 
gation. Since the lines in the spectra indicated that 
the materials examined had not reached their final 
equilibrium states, the position of the « boundary in 
this region must not be regarded as having been 
finally settled. According to the two investigations 
so far conducted in this laboratory, it lies betweén 
5-8 and 6-9 at.-% of Ni at 350°C., and between 
4-8 and 7-5 at.-% of Ni at 300° C. 

FREEDOM OF POWDER SPECIMENS FROM CON- 
TAMINATION 


As the powder samples were prepared by filing the 
ingot, and since the position of the phase boundary 
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is determined by the appearance, or non-appearance, 
of lines from the second phase in the structure spectra, 
it was essential to ascertain, by satisfactory tests, 
whether the sample was contaminated with iron from 
the file. If it were present in sufficient amount, this 
contamination would show a faint trace of the body- 
centred « structure of iron on the film, and would 
displace the y boundary to a position corresponding 
to higher nickel content. It was therefore of the 
utmost importance to discover whether the trace of 
the « structure, present in pictures taken with alloys 
near the y boundary, was due to iron contamination, 
or was really a constituent of the alloys. This was 
done in the early stages of our investigations on the 
Fe-Ni alloy system. Different samples of alloys, 
containing 31 and 34 at.-°% of Ni, were prepared, 
some, by the usual filing operation, others, by rubbing 
the alloy ingots on glass paper ; the metallic powder 
in the latter case was separated with a magnet. All 
the samples were annealed in evacuated tubes at 
400° C. for 6 days, after which they were cooled in 
air. They all showed traces of « structure ; in addition, 
the samples produced by rubbing on glass paper 
showed no difference from those of the other samples, 
the intensity of the faint line from the «-phase being 
approximately the same on corresponding pictures. 
This was considered sufficient proof that the traces of 
a structure present in these alloys were not due to 
contamination from the file. Another method of 
checking this cause of error is described in the follow- 
ing section. 


EFFECT OF USING LUMP MATERIAL INSTEAD 
OF POWDER 


It was necessary to make a few observations with 
lump specimens, as the work of Sachs and Spretnak, 
Sucksmith and his collaborators, and Hoselitz, had 
been carried out with material in this form. These 
observations would also provide a further check on 
possible contamination of the filings with particles 
from the file. 

Sachs and Spretnak, for their investigation of the 
Fe-Ni system, used plate specimens which had been 
cold rolled to produce 95% reduction in thickness, 
and had been subsequently annealed at various 
temperatures. Prolonged annealing treatment was 
not adopted, as it was considered that the cold work 
done on the specimen, in addition to a comparatively 
short heat-treatment, would be adequate to produce 
equilibrium. Hoselitz and Sucksmith employed a 
magnetic method in which the phase boundaries were 
determined with solid specimens which were not in a 
state of equilibrium at the time of observation, but 
could be extrapolated to infinite times of annealing. 
Both of these investigations place the « boundary at 
350° C., at a higher nickel content than that found by 
X-ray analysis of powder specimens. For instance, 
Hoselitz and Sucksmith’s value is about 15-5 at.-% 
of Ni, Sachs and Spretnak’s value is 11-2, whereas 
the value now found is 6-9 at.-% of Ni. 

To check these results, three plate specimens, con- 
taining, respectively, 8-56, 9-55, and 12-16 at.-% of 
Ni, were examined. Each specimen was subjected to 
alternate cold working and annealing, a process known 
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THE EQUILIBRIUM DIAGRAM OF THE FE-NI SYSTEM 


Table II 


EFFECT OF ALTERNATELY COLD WORKING AND ANNEALING ALLOYS AT 350°C. 





























Nickel Content of Specimens, at.-%, 
Time of Annealing at 8-56 | 9-55 12:16 
350° C., hr. 
Amount of Cold Work | Structure | Amount of Cold Work | Structure | Amount of Cold Work | Structure 
Reduction, % Present Reduction, °,, Present Reduction, %, Present 
0 aa a 4 aw 
25 oie a Aud o oa a 
27-3 29 -7 30-1 
24 ot m % 
30-4 29-5 36-1 
24 a a a 
26-1 8-0 11-7 
56 o 7 m 
11-5 10-9 9.5 
48 % OL o 
8-9 9-8 14-8 
18 days a m o 
17 -8 18 -9 38 -8 
99 days a+y at+y at+y 
Total reduction in 75-1 69 -4 81-5 
thickness, % 

















to be effective in accelerating the attainment of the 
equilibrium state. After each annealing treatment an 
X-ray spectrum photograph was taken, to investigate 
the structure. Cold working was performed by ham- 
mering, the amount of reduction in thickness being 
measured at each stage. The annealing treatments 
were carried out at 350° C. in vacuo. The simultaneous 
rotation and oscillation camera was used ; the X-ray 
beam—cobalt radiation—fell at a glancing angle of 
40° on the surface of the specimen. The results of 
the observations are summarized in Table II. 

In explanation of this table, the first X-ray photo- 
graph was taken with the unannealed specimen. This 
was then annealed for 25 hr., and a photograph was 
taken, after which the specimen was hammered to pro- 
duce, for example, in specimen 8-56 at.-% of Ni, a 
reduction of 27-3% in thickness, and then annealed 
for 24 hr. before taking the next photograph, and so 
on, until, after a total of 126 days’ annealing at 350° 
C., and a total reduction in thickness of 75-1%, the 
« structure which had persisted alone, was accom- 
panied by traces of y structure. This was found 
with each of the specimens. These results confirm 
those obtained with powdered specimens, and prove 
beyond doubt that the « boundary at 350° C. lies at 
a composition below 8-56 at.-% of Ni. 

It is worthy of note, that the amount of y phase in 
alloy 12-16 at.-% of Ni, judging by the intensity 
of the spectral lines, seemed far smaller than would 
be expected, since, according to this investigation, 
this alloy is well within the duplex region (« + y) at 
350° C. There may be several factors to account for 
this ; one, for example, might be uneven distribution 
of the second phase in the body of the plate, resulting 
in a scarcity of the y phase at the surface in the area 
irradiated. The whole specimen of alloy 12-16 at.-% 
of Ni, which had undergone the treatment detailed 
in Table II, was powdered, the filings were annealed 
at 350° C. for 13 months, and afterwards air-cooled. 
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The photographs taken after this treatment, showed 
an increased amount of y structure in the alloy, 
indicating a better approach to the equilibrium con- 
dition. In the light of these experiments, the «-phase 
boundary suggested by Sachs and Spretnak, or that 
suggested by Sucksmith and his collaborators, can 
hardly represent the final equilibrium state. 

Since the plate specimens confirm the results ob- 
tained with powders, there can have been no con- 
tamination from the file. A more critical test of this 
can be carried out with alloys of composition in the 
neighbourhood of the y boundary, because, here, the 
presence of « irondecides the position of the boundary. 
Plates of alloys containing 33-97 and 37-24 at.-% 
of Ni were therefore prepared, and subjected to 
alternate cold working and annealing at 400° C., the 
boundary composition at this temperature being about 
41-5 at.-°%% of Ni. Over a period of 36 days, eight 
annealing treatments were carried out at 400° C., 
varying in length from 2 to 11 days, and alternating 
with cold work done on the material. After this 
treatment, the structure spectra of both alloys showed 
the (110) line of the « structure in addition to the 
y lines. Thus, both plate and powder specimens 
indicate that these alloys are in the duplex region 
(x -+- y). This is contrary to the findings of Sucksmith 
and his collaborators, who place the boundary at 
400° C. at about 33 at.-% of Ni. Sachs and Spretnak, 
however, confirm the position of the y boundary at 
400° C. found in this laboratory, namely, at 41-5 
at.-% of Ni, but there is agreement only at this 
temperature. 

Therefore, alloys in plate form, and of compositions 
close to those corresponding to the boundaries at 
350° and 400°C., confirm the positions of the 
boundaries determined by examination of powders of 
these alloys. These findings also prove that no error 
due to contamination from the file occurred with the 
powders. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 










LOCATION OF THE y-PHASE BOUNDARY ABOVE 
500° C. 


Since the y lattice is transformed, on quenching 
from high temperatures, either completely or partially 
into the distorted «, state, in alloys containing up to 
about 27 at.-% of Ni, it is necessary, in order to be 
able to locate the y boundary, to obtain X-ray spectra 
while the alloys are maintained at the required 
temperatures. With the new design of high-tempera- 
ture X-ray camera,’ it was possible to do this for 
temperatures up to 1000°C. The furnace enclosure 
was evacuated with an oil diffusion pump, backed by 
a Hyvac rotary oil pump, an arrangement capable of 
producing pressures less than 10~° mm. of mercury. 
Steady temperatures could be maintained, since 
a heavy battery gave electric power to the furnace. 

Powder fibres for calibrating purposes were pre- 
pared by coating iron wires with pure iron filings, using 
dilute Seccotine as adhesive. Two layers of filings 
were placed on the part of the fibre to be irradiated 
by X-rays. Throughout the investigation, the dimen- 
sions of the fibre and the amount of powder were 
kept approximately the same for each specimen. The 
temperature calibration curve was determined by 
means of an auxiliary thermocouple, situated 
close to the specimen. The deflections of the gal- 
vanometer in the thermocouple circuit were plotted 
against the temperature, as determined from the 
lattice parameter of pure iron. As all the X-ray 
structure spectra obtained with iron yielded sharp 
lines, accurate measurements could be made of the 
lattice parameter at different temperatures. With 
the design of furnace employed, the temperature 
calibration curve was convex to the temperature axis, 
so that the deflection of the galvanometer per unit 
rise of temperature increased with increase of tempera- 
ture. It was estimated that temperatures above 500° C. 
could be measured within + 5° C. 

To bring an alloy to the equilibrium condition at 
temperatures above 500° C., the specimen was slowly 
heated to 500°C., and then maintained at this 
temperature for about 1 hr. The temperature was 
then raised about 25° C. above the desired tempera- 
ture, and was kept there for another hour, after which 
it was slowly reduced to the desired temperature, and 
was held at this temperature for at least 1 hr. before 
commencing the exposure. After this heat-treatment, 
it was assumed that the alloy was in equilibrium. 

Possible carburization of the Seccotine used for 
mounting the powders on the fibres was considered. 
A very dilute solution of Seccotine was used for this 
purpose, and since one exposure, including the pre- 
liminary heating, took only about 10 hr., and the 
temperatures were not sufficiently high to make the 
diffusion of carbon atoms very effective, it was 
reasonable to suppose that no serious errors would 
arise from this cause. To minimize still further the 
danger of contamination from this source, a new 
specimen was used for each exposure. At the end 
of the exposure the specimen was closely examined, 
and if its lustre had not remained perfectly metallic 
the spectrum photograph taken was discarded, even 
though there was no evidence of extra lines in the 
spectrum. Work done with plate specimens con- 
firmed that no errors arose from this source. 
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Table III 


BOUNDARY COMPOSITIONS IN THE IRON- 
NICKEL EQUILIBRIUM DIAGRAM BELOW 


1000° C. 
Nickel Content, at.-°%, 

Temperature a-phase boundary y-Phase boundary 
800 1-2 3-8 
700 2-5 9.4 
600 3-7 17-3 
550 4.4 22-2 
500 5-0 27-5 
450 5-7 34-3 
400 6-3 41-5 
350 6-9 48 -5 
300 7-5 56-0 


EQUILIBRIUM DIAGRAM OF THE IRON-NICKEL 
SYSTEM BELOW 1000° C. 

The equilibrium diagram of the Fe—Ni system, 
compiled from results obtained from the survey of 
X-ray spectra produced, described above, is shown in 
Fig. 2. Included in this diagram are the points 
determined at temperatures above 500° C., together 
with those obtained with powder specimens which had 
been annealed for long periods at 400°, 350°, and 
300° C., and air-cooled. In addition, some, but not 
all, of the points determined in the previous investiga- 
tions of Owen and Sully are added at 400°, 500°, 
600°, 700°, and 800° C., but none of the long range of 
determinations, previously made at 350° and 300° C., 
are included, to avoid confusion with the present 
determinations. A comprehensive survey has been 
carried out between the two investigations. The 
y-phase boundary at temperatures above 500° C. is 
based entirely on the results of high temperature 
observations, but below 500° C., both the «- and y- 
phase boundaries were located with specimens which 
had been annealed over long periods of time, followed 
by air cooling. The compositions corresponding to 
the phase boundaries at various temperatures are 
given in Table III. 

The « boundary is the same as that given by Owen 
and Sully, except that solution of nickel in iron 
continues to increase below 400° C. The y boundary 
is also confirmed below 506° C. ; above this tempera- 
ture, slight adjustments are necessary. Comparing 
these results with those of Sachs and Spretnak, and 
Sucksmith and his collaborators, it will be noted that 
the « boundary of the former agrees with that in Fig. 2, 
between 900° and 500°C., but below this range of 
temperature, it moves in the direction of greater 
solution of nickel in iron ; for example, at 350° C., the 
a-boundary composition is 11-2, whereas here the 
boundary is placed at 6-9 at.-% of Ni. Sucksmith 
and his co-workers find the corresponding figure to 
be 15-5 at.-% of Ni at this temperature, and the 
percentage of nickel corresponding to the « boundary 
at all temperatures above 350° C. is greater than that 
found by other investigators. 

In the case of the y boundary, the present results 
and those of Owen and Sully agree fairly well with 
those of Sucksmith and his collaborators, down to 
500° C., but they differ markedly below this tempera- 
ture. Whereas the present results place the y boundary 
at 400° C. at 41-5 at.-% of Ni, confirming the con- 
clusion reached by Owen and Sully, the corresponding 
figure obtained by the magnetic method is 33 at.-% 
of Ni, and the differences between the results reached 
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by the two methods increase at lower temperatures. 
The differences cannot be accounted for on the ground 
that powder was used mainly in one case, and 
lump material in the other, because the plate speci- 
mens examined in the work described in this paper 
gave the same results as those obtained with powder. 
These observations also eliminate the possibility of 
error due to contamination of the powder ; nor can 
the differences be due to lack of equilibrium of the 
material used in these investigations. 


CONCLUSIONS 


The two phase boundaries in this work were located 
by surveying structure spectra instead of by measuring 
parameters, because of the lack of resolution of 
spectral lines obtained with alloys in the duplex 
region, and the anomalies of their parameter/composi- 
tion curves, which have already been reported.* Even 
after annealing the powders for more than 600 days 
at 350° C., the high-order doublets of both the « phase 
and the y phase were not always well defined. Ex- 
tremely long periods of annealing are necessary at 
these low temperatures to attain the equilibrium 
state, but in spite of the difficulty of reaching the 
final state of equilibrium, this investigation, which 
has involved the most drastic treatments and the 
longest annealing processes ever applied and which, 
according to calculation, were more than long enough 
to attain equilibrium at temperatures above 350° C., 
has probably yielded an equilibrium diagram for the 
system, at these temperatures, which is a close 
approximation to the true equilibrium diagram. This 
diagram, in its main features, closely resembles the 
diagram already suggested by Owen and Sully.” 

Hoselitz endeavours to explain the differences 
between the results of Sucksmith and his collaborators 
on the one hand, and of Owen and Sully on the other, 
on the ground that in the work of the former group 
of investigators, equilibrium was approached from 
the « state by quenching in liquid air, and the latter 
investigators started from the y state, in their phase 
determination. This is not quite accurate, because 
the alloys, up to a composition of about 25 at.-% of 
Ni, employed by Owen and Sully, to investigate 
the « boundary, were in the «, condition before 
annealing, so that they approached equilibrium from 
the « state as did Hoselitz and Sucksmith. On the 
other hand, the y boundary was investigated with 
alloys that were initially (before annealing) in the y 
state. This procedure was convenient in deciding 
when the new constituent appeared, namely, the y 
structure from the «, structure, and the « structure 
from the y structure. Hoselitz further suggests that 
the difference between the results of the two sets of 
investigators may be due to the fact that lump 
material was used by the one, and powder by the 
other. There is no doubt that the speed of approach 
to equilibrium with powder is greater than it is with 
lump material, but these results show that if material 
in lump form undergoes drastic alternate mechanical 
treatment and heat-treatment, and is given time to 
reach the final equilibrium state, there is no difference 
between the results obtained with it and those 
obtained with powder material, so far as locating the 
phase boundaries is concerned. The two suggestions 
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offered by Hoselitz do not, therefore, provide a 
satisfactory explanation of the differences observed. 

In the discussion on Hoselitz’s paper,® Sully draws 
attention to the parameter measurements carried out 
in this laboratory,* and points to some interesting 
facts concerning the shape of the y boundary found 
by the magnetic method, in relation to these para- 
meter values. For instance, according to the para- 
meter measurements, some anomalies were found in 
the values of the y parameter at 400° C., in the region 
of composition between 33 and 42 at.-% of Ni. At 
this temperature, the y parameter remained constant 
for compositions below 33 at.-°, of Ni; it followed the 
single-phase curve between 33 and 35%, and then 
remained constant, but at a different lattice parameter 
value, until it reached the composition of 42 at.-%. 
The magnetic method gives a solubility limit of 33% 
at this temperature, whereas the survey of X-ray 
structure spectra puts this limit at 41-5%. If, as 
suggested by Sully, there exists a fairly well defined 
metastable state, intermediate between the initial and 
final states, as the composition is altered—there is 
ground for this view from a consideration of the form 
of the parameter/composition curve at the tempera- 
ture considered—this would be a more likely explana- 
tion of the differences observed. 

The main difficulty with the Fe—Ni alloy system, 
especially at the lower temperatures, is to obtain 
alloys that are in the final equilibrium state. For this 
reason, any method which would eliminate this 
difficulty would prove a great asset, and the magnetic 
method appeared to do this. The method, however, 
has not yielded consistent results, judging by the two 
sets of data published, respectively, by Pickles and 
Sucksmith, and by Hoselitz and Sucksmith, which 
disagree markedly in the location of the « boundary 
along its whole range, and in the location of the 
y boundary at nickel contents above 27 at.-%. In 
this method, phase boundaries are determined 
with lump specimens, by extrapolating to infinite times 
of annealing. An extrapolation method applied to 
this system, especially at low temperatures, may have 
attendant risks if sub-stages of equilibrium exist, as 
the parameter measurements appear to suggest. 
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ANNUAL GENERAL MEETING, 1949 


THe E1GHTIETH ANNUAL GENERAL MEETING OF THE IRON AND STEEL INSTITUTE was held 


in London on Wednesday and Thursday, 27th and 28th April, 1949. 


The sessions on 


Wednesday started at 9.45 a.m. and 2.30 P.m. and were held in the Lecture Theatre of the 
Central Hall, Westminster; the session on Thursday started at 9.45 a.m. and was held at 
The Institution of Mechanical Engineers, Storey’s Gate. Sir ANDREW McCance, LL.D., D.Sc., 
F.R.S., President, was in the Chair, except during the discussion of the last paper on Wednesday 
afternoon, when the Chair was taken by Dr. C. H. Descu, F.R.S., Past-President. 

A Burret LuncHEon was held in the Library of the Central Hall at 1.15 p.m. on Wednesday, 
and on Thursday a Luncheon was arranged for Members and their guests at the Dorchester 


Hotel, Park Lane, London, W.1, at 1.15 p.m. 


The minutes of the previous Meeting were taken as read and signed. 


PRESENTATION OF REPORT OF COUNCIL AND 
STATEMENT OF ACCOUNTS FOR 1948 

The President (Sir Andrew McCance, LL.D., D.Sc., 
F.R.S.) : My first task is to extend a very cordial welcome 
to all the members and visitors who are attending this 
meeting. Next, I have to present the Report of Council 
for your approval. On the whole, it has been a successful 
year. Our membership increased by nearly 500, and at 
the end of the year it exceeded 4900, so that we did not 
quite achieve our objective of 5000; we expect, 
however, that by the end of this year this deficiency will 
be made up, though we should recognize that the rate of 
increase is now beginning to fall off, and I believe that 
this tendency will become more marked in future. 

In addition to our ordinary General Meetings which 
are held in London, a number of meetings were held on 
special subjects. The Engineers Group had three 
meetings, at which there were good attendances and 
useful discussions. The nine Local Societies which are 
affiliated to us made their extensive programmes avail- 
able to our members in the provinces. 

Our connections with metallurgists and others engaged 
in the steel industry overseas are a valued and valuable 
part of our activities. An exceptionally large number 
of visitors came to see us during the year, and the 
Institute’s staff were instrumental in making arrange- 
ments for a number of them. We have now extended 
our arrangements for friendly collaboration to seventeen 
societies in fifteen countries. 

The Journal in its monthly form has now become well 
established, and it has been pleasing to the Council to 
receive many expressions of appreciation of the quality 
of its contents and production. It is the constant 
endeavour of the Council and the Editorial Staff of the 
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Institute to make such further improvements as are 
commensurate with proper attention to the financial 
aspect. 

The scheme for National Certificates in Metallurgy 
has received support which, though not surprising to 
your Council, is, I believe, substantially more extensive 
than was expected by the Ministry of Education and 
others concerned. The Joint Committee on Metallurgical 
Education is engaged in an extensive enquiry into the 
qualifications of those who have studied metallurgy at 
universities and technical colleges, and the way in which 
these young men meet the requirements of the industry. 

I want to draw attention to the valuable prizes and 
scholarships which the Institute awards, notably the 
Carnegie Research Scholarships, including the travelling 
scholarships, detailed information on which can be 
obtained from the Secretary. The Institute has also 
been instrumental in awarding and administering the 
Mond Nickel Fellowships. 

I am pleased to report that the friendly relations 
which we have with the Institute of Metals and the 
Institution of Metallurgists have continued on the same 
happy basis. We continue to work closely with the 
British Iron and Steel Research Association, and are 
indebted to the Director and his staff for their valuable 
collaboration. Among other services, we publish many 
of their papers, and our Library and Information 
Department are available free of charge for use by all 
those companies that are members of the Research 
Association. 

Mr. Mitchell will speak to you on the Institute’s 
finances, so that I need not refer to these except briefly. 
I shall in a few minutes put to you a motion to amend 
the Bye-laws. As I explained at the Autumn Meeting, 
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it has become necessary to increase the standard rate 
of subscription for Members by one guinea a year, and 
for Associates by ten shillings. We regret this, but 
owing to the general increase in costs there is no alter- 
native if the Institute is to continue to provide the 
services which the Council believe are required by 
Members. 

As I mentioned at the Autumn Meeting, I thought 
that it was incumbent on me, before putting this pro- 
posal to you, to take those steps which seemed necessary 
to enable me to assure you that the business of the 
Institute was being carried out efficiently and econo- 
mically. Accordingly, the staff expenditure and acti- 
vities have recently been examined in detail by a 
Committee, and as a result I can inform you that 
economies have been made, and I can assure you that 
in the opinion of the Council the expenditure which 
is being incurred is necessary. The Council asked 
Members to pay the increased rates of subscription for 
the current year, and I am pleased to be able to inform 
you that with few exceptions Members have agreed to 
do this. Over three-quarters of the current year’s 
subscriptions have already been paid, and that is a high 
proportion for so early in the year. 

The objects of the proposed amendments to the 
Bye-laws are : (1) to confirm the increase in the subscrip- 
tion rates; (2) to make it possible in future for sub- 
scription rates to be changed at a General Meeting of 
Members; and (3) to establish the class of Associate 
Member. 

I beg to move that the Annual Report of Council 
and the Accounts for 1948 be adopted, and I am going 
to ask the Honorary Treasurer, Mr. James Mitchell, to 
second the resolution. 


The Honorary Treasurer (Mr. James Mitchell, C.B.E.) : 
I should like to begin on a personal note by saying how 
proud I am to have this job today because of the position 
which you have given me. I wish also to say how much 
I like the idea of succeeding Mr. Lyttelton. Mr. 
Lyttelton had seven years, and on the whole they 
were seven lean years; I cannot help looking forward 
to the possibility as Treasurer of having the seven fat 
years. 

In the meantime, the Council have still to report a 
deficit, though it is smaller than last year. Last year 
it was £6682, compared with £2425 today. We 
have budgeted this year with the full intention of 
showing some surplus, but it will not be necessary for 
anybody at a later date to get up and declare a divi- 
dend ; the idea of any surplus is that it should be put 
at the service of the Members and be used to improve the 
service for the Members. 

There are a few outstanding matters to which we would 
draw your attention. The presentation of the Accounts 
has been altered somewhat, and on the whole I imagine 
that to the technical mind they are rather more intelli- 
gible than in the old form. Secondly, we have shown 
separate accounts for the Journal and for most of 
the Trust Funds. The Journal Account is particularly 
important. The Council are extremely anxious that the 
Journal should be self-supporting. It is already self- 
supporting, but we should like to see it earning sufficient 
profits to enable us to do other things in the way of 
services to Members. 

I formally second the adoption of the Report and 
Accounts. 


The motion was carried unanimously. 


AMENDMENT OF BYE-LAWS 


The President proposed, and Mr. Arthur Dorman 
seconded, a resolution to amend Bye-laws Nos. 3, 21, 
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35, and 36, and this was carried unanimously. (Partic- 
ulars of the amendments were given in the Proceedings 
at the Autumn General Meeting, 1948, published in the 
March, 1949, issue of the Journal, p. 187.) 


AWARD OF THE BESSEMER GOLD MEDAL FOR 
1949 TO PROFESSOR J. H. ANDREW, D.Sc. 


The President: My next duty is a very pleasant 
one : to announce that it was the unanimous wish of 
the Council to award for 1949 the Bessemer Medal, the 
highest award which they can make, to Professor J. H. 
Andrew. Professor Andrew is known to you all. His 
work has been published over many years in the Journal 
of the Institute. He was originally trained in Man- 
chester, and had quite a number of years’ experience 
with the Armstrong Whitworth Company before deciding 
to take up an academic career. 

His first academic post was as Professor of Metallurgy 
at the Royal Technical College in Glasgow, and I have 
many happy recollections of his occupation of that 
position. From Glasgow, Professor Andrew went to 
Sheffield University, and, having settled down in that 
centre of steel activity, he entered with enthusiasm 
into the task of training future metallurgists. I need 
not refer to his success in that direction ; the responsible 
posts that are now occupied by the students that he 
has trained are better evidence than any words of mine 
of his success. 

Research work, however, was not forgotten, and I 
think that Professor Andrew was among the very first 
of those professors who insisted that, irrespective of 
whether a student was ultimately to take up industrial 
or academic work, a training in research was a useful 
addition, and a very necessary addition, to his course at 
the university. Today that opinion is universally 
accepted, but at the time when Professor Andrew was 
advocating it, it was not accepted with such complete 
unanimity as it is today. 

I am not going to refer in detail to his researches ; 
these are known to you all. It is interesting to recall, 
however, that one of his very first papers dealt with the 
subject of nitrogen in steel and the relation between 
gases and metals, and in some of his latest and most 
successful work he has returned to the same subject. 
We are greatly indebted to him for the very excellent 
work which he did in trying to unravel the intricacies 
of the relation between hydrogen and metals. 

It gives me very great pleasure to ask Professor 
Andrew to receive this Medal, with our very best wishes. 


The President then, 
presentation. 


Professor J. H. Andrew, in reply, said: I should like 
first of all to thank you, Mr. President, for the very 
kind words you have used in making this presentation. 
and to thank all those present for the way in which they 
have associated themselves with the President’s re- 
marks. I should also like to express to the Council of 
the Institute my very deep appreciation of the honour 
they have paid me in placing my name on a list contain- 
ing so many international celebrities, which gives me the 
impression that my 43 years spent in the study of 
metallurgy have not been altogether lost. 

I regard this honour not only as valuable because it is 
the highest that can be conferred by the Institute, but 
as being significant of a friendship between the Institute 
and myself, I having been a member for 38 years. Like 
many of the older metallurgists, I was trained as a pure 
chemist, and spent ten years at the University of 
Manchester. I should like to pay tribute to the many 
people who have helped me to attain what success I 


amid applause, made the 
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have had in life. When I went to Manchester in 1904 

metallurgy was still in its infancy, and when Sir Harold 
Carpenter was appointed as the first Professor in 1906 
I was his first and only student. It so happens that 
my first paper was published jointly with the first 
member of his staff, now Professor Edwards, of Swansea. 
Our laboratory boy, whom we always regarded as 
exceptionally bright, has now a very lucrative and 
excellent consulting practice in the Midlands. 

After being ten years in Manchester as student, 
research student, fellow, and demonstrator, I then 
joined the works of Sir W. G. Armstrong & Whitworth 
as leader in their research department, where I had the 
good fortune to have as my chief Mr. E. F. Law, who 
has been a member of this Institute for 40 years or 
more. At that time it was only natural for a young man 
in my position to enter industry with a certain amount 
of fear, because in those days the workmen did not 
regard the scientists with quite the kindly attitude that 
they do today ; but this was completely dispersed by 
the kindness and encouragement of Mr. Law, who 
created an atmosphere round himself conducive to 
happiness and team work. I should like to record my 
debt of gratitude to him. 

At the end of the first world war I went, as the Presi- 
dent has said, to Glasgow, to the Royal Technical 
College, as Professor of Metallurgy. I think that Sir 
Andrew McCance was very largely responsible for my 
return to academic life, and I should like to record my 
indebtedness to him. I well remember the very happy 
talks that we had together, discussing metallurgy in our 
own homes. Those talks were always extremely inspiring 
to me, and helped me more:than I can say; they will 
always be very happy memories. 

After being at Glasgow I was appointed to the Chair 
at Sheffield, and, coming to that great city of steel, 
where again I have met with much kindness and a 
co-operative industry, there are two names I should 
specially like to mention of Sheffield men to whom I owe 
a very great deal. One is the Bessemer Medallist of 
1948, Mr. W. J. Dawson, and the other is Mr. H. H. 
Burton, of the English Steel Corporation, Ltd. Not only 
have they been very good friends, but they have taken 
a very live interest in my work. 

While the success of a scientist depends partly on 
himself, it depends more on those who assist him, and 
I should like to record my indebtedness to my staff at 
Openshaw, at Manchester, at Glasgow, and at Sheffield, 
and also to thank with all my heart those more than 
50 different research workers whose names have 
appeared with mine on my published papers. Those 
are the men who have really gained for me this Bessemer 
Medal. I think that applies to most scientists ; their 
success is due not so much to themselves as to the 
helpful colleagues that they have had round them. 
I thank you once again with all my heart. 


THE SIR ROBERT HADFIELD MEDAL 


The President: The Council have made the award 
of the Sir Robert Hadfield Medal this year to Mr. 
M. W. Thring, M.A., F.Inst.P., the Head of the Physics 
Department of the British Iron and Steel Research 
Association. His work is well known to us; heis a 
very active worker, full of enthusiasm, and the industry 
is much indebted to some of the ideas which he is busy 
working out under the Research Association. I have 
very much pleasure, therefore, in handing him the 
certificate of this award. The Medal, I understand, is 
not yet ready, but will be forthcoming later. 


The Present then, amid applause, made the presenta- 
tion. 
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THE WILLIAMS PRIZE FOR 1948 


The President : The Williams Prize for 1948 has been 
awarded to Mr. J. S. Bryan, A.M.I.C.E., for his paper, 
with Mr. J. B. R. Brooke on ‘ Gaseous and Liquid 
Fuels in Iron and Steel Works.” Mr. Bryan was, at 
the time the paper was written, a member of the firm of 
Messrs. John Lysaght, Ltd., and Mr. Brooke not being 
eligible for the prize, the whole of the award goes to 
Mr. Bryan. I have pleasure in presenting to Mr. Bryan 
a cheque for £100 as the prize for this paper. 

The President then, amid applause, made the 
presentation. 


ABLETT PRIZES FOR 1948 


The President: There are two Ablett Prizes of £50 
each, and the recipients on this occasion are Mr. G. 8S. 
Martin, of the Lanarkshire Steel Co., Ltd., and Mr. 
M. Y. Harvey, of Messrs. Colvilles, Ltd., for their paper 
on “‘ Maintenance of Electrical Machinery for Iron and 
Steel Works.” It is a matter of special pleasure to me 
that I should have the task of presenting these gentlemen 
with the award which they have won. 

The President then, amid applause, 
presentation. 

The President: In connection with the prizes which 
I have just presented, we are indebted to Captain 
Ablett for his generosity in giving these prizes to the 
Institute. Captain Ablett has been a very warm sup- 
porter of the Institute for many years, and it was 
decided yesterday at our Council meeting that we 
should elect him an Honorary Vice-President of the 
Institute in token of our recognition of all the work 
that he has done to further the interest of the younger 
members in the work of the Institute by the presenta- 
tion of these prizes. I am quite sure that this recognition 
will meet with the complete and enthusiastic support 
of you all, and I have much pleasure in making that 
announcement today. (Applause) 

Captain Ablett: I thank you most heartily for this 
unexpected honour of being elected an Honorary Vice- 
President. I could not have wished for anything which 
appeals to me more. 


made the 


CHANGES ON THE COUNCIL 


The Secretary (Mr. K. Headlam-Morley): I have to 
announce the changes which have taken place on the 
Council since the last General Meeting in November, 
1948 : 


Hon. Treasurer—Mr. James Mitchell, C.B.E. 

Vice-President—The Hon. R. G. Lyttelton. 

New Honorary Members of Council—The following 
are Honorary Members of Council during their periods 
of office : 

Mr. A. Roebuck, President of the Sheffield Metallur- 

gical Association, in place of Dr. C. Sykes, F.R.S. 

Dr. D. Binnie, President of the Manchester Metallur- 
gical Association. 


In accordance with Bye-law 10 the names of the 
following Vice-Presidents and Members of Council were 
announced at the Autumn Meeting, 1948, as being due 
to retire at the present Annual Meeting : 


Vice-Presidents—Captain H. Leighton Davies, Mr. 
G. H. Latham, and Mr. J. Sinclair Kerr. 

Members of Council—Mr. T. Jolly, Mr. F. Saniter, 
Mr. W. F. Cartwright, Dr. J. W. Jenkin, and Sir 
Arthur Matthews. 


No other members having been nominated up to one 
month previous to the present Meeting, the retiring 
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Vice-Presidents and Members of Council are now pre- 
sented for re-election. 
The President: I declare them duly re-elected. 


ANDREW CARNEGIE SCHOLARSHIPS 


The Secretary: Andrew Carnegie Scholarships have 
been awarded to Mr. P. L. Chang, for the study of 
diffusion in steel at elevated temperatures, and to Mr. 
G. R. Bish, for the study of the effects of cold-working 
on the austenite-martensite reaction during the iso- 
thermal transformation of steel. 


AUTUMN GENERAL MEETING, 1949 


The Secretary: The Council have decided that the 
Autumn General Meeting shall be held in London on 
Thursday and Friday, 10th and 11th November, 1949. 


BALLOT FOR THE ELECTION OF MEMBERS 
AND ASSOCIATES 


Mr. C. H. T. Williams (Rotherham) and Dr. D. F. 
Marshall (Rotherham), who were appointed scrutineers 
of the ballot, reported that the following 113 candidates 
for membership and 73 candidates for associateship had 
been duly elected : 


Members 


Ansdell, Peter George (Sheffield) ; Antonioli, Adolfo (Milan, 
Italy); Arnold, Hugh I. (London); Arnott, John, F.R.L.C., 
F.I.M. (Glasgow); Aspegren, Olof Erik August (Stockholm, 
Sweden); Attree, Edwin J. F., B.Sc.(Eng.), G.I.Mech.E. 
(London); Aubrey, Aubrey St. Hilary, Assoc.Met., A.I.M. 
(Saltburn-by-the-Sea) ; Bennett, Alan Herbert (Birmingham) ; 
Best, Victor Harold (London); Biram, Benjamin Henry, 
A.M.I.Mech.E. (Sheffield) ; Bonthron, Nils James Alexander 
(Oxelésund, Sweden); Bray, Kenneth Frank, B.Sc. (Hons.), 
A.M.I.Chem.E. (Sheffield) ; Broadbent, Robert, M.I.Mech.E. 
(Brentford, Middlesex); Brooksbank, Leslie (London) ; 
Bullard, Charles Frederick (London) ; Calonaci, Luigi (Genoa, 
Italy); Campbell, Harold Gordon, B.Sc., M.I.Mech.E., 
M.I.E.E. (London); Campbell, John (Oldbury, Worcs.) ; 
Canning, Thomas John (Swansea); Carli, Adriano (Genoa, 
Italy) ; Carlyle, William Irving (Workington, Cumberland) ; 
Caulfield, Kenneth William, M.Sc., A.I.M. (Greenford, 
Middlesex); Clark, Harold T. (Pittsburgh, Pa., U.S.A.) ; 
Cohen, Enrico, B.Se., F.G.S. (London); Cowper-Coles, 
Peter L. (Birmingham); Cullity, Bernard Dennis, Sc.D. 
(London) ; Cumming, John Baker (Gowerton, Glam.) ; Davey, 
Cyril Frederick, B.Sc. (Eng.), A.M.I.Mech.E., A.M.1.E.E. 
(Widnes, Lancs.) ; Degowin, Watson R., B.M.E. (Detroit, 
Michigan, U.S.A.); Delwig, Carl von (Gullspang, Sweden) ; 
Dickson, Kenneth B. (Pittsburgh, Pa., U.S.A.); Drury, 
Philip Leslie, Assoc.Met., A.I.M. (Chesterfield) ; Elvander, 
Hans Ivar, M.S. (Degerfors, Sweden); Faulks, George 
Raymond (Cardiff); Flindle, Albert, M.I.Mech.E. (Dukin- 
field, Cheshire); French, Edward Llewelyn, B.A.(Hons.) 
(Birmingham) ; Gallwey, William Broke Hoppner (Sheffield) ; 
Ganguli, Kamapati (Benares, India); Gardner, Edmund 
Paley Starkie, B.Sc.(Eng.), M.Inst.C.E., M.I.Mech.E. (Lon- 
don); Gazard, Joseph Frank Shirley (Swansea); George, 
A. G., B.Se.(Met.) (Calcutta, India); Ghosh, Nirmal Kanti 
(Belur, India); Gjedebo, Finn (Jérpeland, Norway); Glen, 
Alexander (Corby, Northants.) ; Gow, James T., M.S. (Port- 
land, Oregon, U.S.A.); Goyoaga, Antonio (Bilbao, Spain) ; 
Greenhalgh, Fred (Workington, Cumberland); Gupta, 
Prabuddhananda, B.A. (Ambarnath, India) ; Haller, Car! T., 
jun., M.S. (Pittsburgh, Pa., U.S.A.) ; Haynes, Ronald, B.Sc. 
(Hons.) (Sheffield); Henshaw, Leonard (Blaenavon, Mon.) ; 
Holmberg, Tor Fjalar (Imatra, Finland); Holmgren, Bertil 
T. (Stockholm, Sweden); Hutchings, Felix Roy, A.I.M. 
(Bedford) ; Ibrahim, Mohammad, B.Met. (Glasgow) ; Ihlen, 
Alf, M.Sc. (Strémmen, Norway); Ihlen, Joakim (Strémmen, 
Norway) ; Irving, John (Workington, Cumberland) ; Lanch- 
bery, William John (Christmas Island); Lawrence, Charles 
Sydney, A.M.I.Mech.E. (London); Lepsoe, Robert (‘Trond- 
heim, Norway); Lewis, John Vivian Hopkin (Briton Ferry, 
Glam.); Leyland, Lt.-Col. H. M., A.M.I.Mech.E. (London) ; 
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A.M.1.Mech.E. 
Durham) ; Myers, Howard B., B.S. (Pittsburgh, Pa., U.S.A.) ; 
Nava, Dott Luigi (Milan, Italy); Nehrenberg, A. E., B.S. 
(Harrison, N.J., U.S.A.) ; Nichols, Ronald Charles (London) ; 
Nightingale, Frank (Birmingham) ; Palme, Richard Baumann, 
S.B., S.M. (Cambridge, Mass., U.S.A.); Park, Brian Henry 


MeVitie, Ernest (Gateshead, Co. 


John, 


(Wigan, Lancs.); Parker, Paul Richard (Burnpur, India) ; 
Parkin, Michael Shardlow (Sheffield); Pasquero, Vittorio 
(Giovanni, Italy) ; Pettersen, Alf, M.Sc. (Jérpeland, Norway) ; 
Primus, Francis, D.Sc. (Prague, Czechoslovakia) ; Proctor, 
John David, B.A.(Hons.) (Sheffield); Pryor, Horace 
(Coventry) ; Reynolds, Thomas (Wellingborough, Northants. ); 
Rippon, Stanley Bertram, Assoc.Eng. (Sheffield) ; Robinson, 
Ronald William, A.I.M. (Malta); Robson, Harry (London) ; 
Rogers, Edward, B.Sc. (London); Savioli, Dr. Francesco 
(Cornigliano, Italy); Schwarz, Carl Valerian, Dr.Ing. 
(Geneva, Switzerland) ; Sen, Sudhir Kumar, B.A. 
(Calcutta, India); Siegfried, Dr. W. (Winterthur, Switzer- 
land); §Sjégren, Nils (Austria); Shanahan, Cyril Edmund 
Arthur, B.Se., A.R.1.C. (Sheffield); Shrivastava, Onkar D. 
(New Delhi, India) ; Sisco, Frank Thayer (New York, N.Y., 
U.S.A.); Smith, Ernest Howard (Coventry); Smith, John 
Stanley (Sheffield); Snellman, Matts Gunnar, Dipl.Ing. 
(Imatra, Finland); Strang, George Fraser (Workington, 
Cumberland); Strong, Thomas George, A.R.1.C., A.1.M. 
(Glasgow); Suess, Theodor E., Dipl.Ing. (Linz, Austria) ; 
Thomas, Archibald Hurlstone (Birmingham); Thomson, 
David Charles (Wednesbury, Staffs.); Tichelly, Louis Jean 
(London); Walterson, Stig Walter Emanuel (Stockholm, 
Sweden); Ward, Lt.-Col. E., A.M.1.Mech.E. (Bristol) ; 
Ward, H. D., M.A. (London); Warrington, John W. (Lon- 
don); Wellard, Dr. Roger (Suresnes (Seine), France) ; 
Wennevold, Sigvardt Fredrik (Kopperé, Norway); Wernly, 
Albert Ernest, B.A.(Hons.) (Stockholm, Sweden) ; Williams, 
Lewis Bernard (Cardiff) ; Wilson, Curtis L. (Rolla, Missouri, 
U.S.A.) ; Wilson, E. P. B., B.Se., F.R.1.C., A.M.I.Chem.E. 
(Derby); Wright, Charles Howard (Southbank, Yorks.) ; 
Wright, Professor Edwin Chester (Alabama, U.S.A.) ; 
Zimerman, Frederick M., Dr.Ing. (Prague, Czechoslovakia). 


Associates 


Adams, Gordon Joseph (Birmingham); Aeron-Thomas, 
Paul (Swansea) ; Agrawal, Prabhu Lal, B.Sc.(Met.) (Benares, 
India); Anderson, Charles, B.A. (Cambridge); Ashton, 
Geoffrey (Rugby, Warwick) ; Bailey, Thomas (Newcastle-on- 
Tyne); Balasubramanian, V. T. (Benares, India); Barnes, 
Allan Francis Charles (London) ; Bates, Harold (Manchester) ; 
Bean Frederick (Sheffield); Billington, Jack Charles (Lon- 
don); Blackburn, Keith (Middlesbrough) ; Blakeley, George 
Henry (Sheffield); Braine, William Alan (Chesterfield, 
Derbyshire); Brenan, Colin (Workington, Cumberland) ; 
Brewer, Alan C. (Isleworth, Middlesex); Bridgstock, Guy 
(London) ; Calver, Arthur Granville (London) ; Chattopadhyay, 
Nirendra Nath (Benares, India); Collins, Donald Louis 
William (London) ; Colvin, James George (Leeds); Davies, 
Noel (Swansea); Davis, Vivian George Aldridge (Llanelly, 
Glam.); Dunning, Alan (London); Eldred, Vernon Walter, 
B.A. (Cambridge); Evans, James Arthur (Sheffield); Gar- 
monsway, Donald (Durham); MHaefner, Karl (Wolver- 
hampton); Hardie, Donald (Newcastle-on-Tyne); Harris, 
John Noel (Swansea); Haslam, Norman, B.A. (Cambridge) ; 
Haynes, Alan George (Birmingham); Heap, Harry Rodney, 
B.Se. (Hons. Met.) (Stafford); Henderson, Thomas Andrew 
(Newcastle-on-Tyne); Hendry, Gordon Webster (Middles- 
brough) ; Holgate, J. K. (London); Jastrzebski, Klemens 
Roman (Swansea); Jesper, Anthony Charles (Leeds) ; 
Jones, William Victor (Birmingham) ; Kay, John (Glasgow) ; 
L’Appell, Peter Thomas (London); Lock, Leonard Wallace, 
B.A. (Oxford) ; Mahendra, Balram Kumar (Benares, India) ; 
Mannox, D. J., B.A.(Hons.) (Cambridge) ; Mansford, Ralph 
Ernest (Middlesbrough) ; Markson, Ivor (Glasgow); Mitra, 
Sunil Kumar, B.Se., B.Met. (Calcutta, India); Muscott, 
Arthur (Manchester); Ramage, Stanley James (London) ; 
Renwick, John Beattie, L.I.M. (Corby, Northants.); Rey- 
nolds, Jeffrey Alan (Newcastle-on-Tyne); Robinson, Alan 
Jeffery (London); Robb, Nicholas (London); Samways, 
Norman Leonard (London); Shaw, Geoffrey James, (Bir- 
mingham); Smythe, Samuel Brian (Liverpool); Stanton, 
Robert Henry (Birmingham); Storer, Roy Allan (Birming- 
ham); Street, Brian G., B.Eng. (Hons. Met.) (Liverpool) ; 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








































































142 





Summersgill, Douglas Peter (Middlesbrough); Swales, 
George Leonard (Middlesbrough); Talwar, Rajendra, B.Sc. 
(Met.) ratte India); Taylor, Brian (London); Thomas 
Louis T. (Birmingham); Todd, Brian, B.Eng.(Hons. 
Met.) lecuaseatt Tolcher, Hugh (London) ; 

R. G. (Bristol) ; Walker, Francis Ernest (Swansea) ; Webb, 
Leonard Eric (London); Williams, David Reginald (Port 
Talbot, Glam.); Wilson, Laurence Reginald (Manchester) ; 
Wilson, Terence Harold, B.Sc. (Hons.Met.) (Dagenham, 
Essex); Wright, John Charles (Birmingham). 


PRESENTATION OF PAPERS 


The following papers were presented and discussed 
(the dates of publication are given in parenthesis) : 


Wednesday, 27th April 
Morning Session 

“The Conversion to Oil-Firing of the Open- 
Hearth Furnaces at Park Gate Works,” by D. F. 
Marshall and H. C. White (April, 1949). 

** An Electrical Pressure Meter for the Measure- 
ment of Open-Hearth Furnace Differential Pres- 
sures,’’ by 8S. 8. Carlisle and B. O. Smith (March, 
1949). 

“‘ First Report of the Gases and Non-Metallics 
Sub-Committee,” by W. W. Stevenson, G. E. 
Speight, R. M. Cook, and T. E. Rooney (December, 
1948). 


Afternoon Session 

“The Thermodynamics of Substances of 
Interest in Iron and Steel Making from 0° C. to 
2400° C. I—Oxides,” by F. D. Richardson and 
J. H. E. Jeffes (November, 1948). 

“* Large Crystal Grain Size in Silicon—Chromium 
Valve Steel,’ by C. C. Hodgson and H. G. Baron 
(February, 1949), dicussed jointly with ‘‘ Grain 
Growth in Silicon—Chromium Valve Steel,’ by 
H. Allsop and P. W. Bygate (April, 1949). 

“The Structure of Carbides in Alloy Steels. 
Part I—General Survey,” by H. J. Goldschmidt 
(December, 1948). 


Thursday, 28th April 
Morning Session 

“Present Methods of Open-Hearth Furnace 
Charging,” by E. L. Diamond and A. M. Frankau 
(March, 1949), discussed jointly with ‘The 
Influence of Heat Transfer on Open-Hearth 
Furnace Charging Rate,’ by M. W. Thring 
(March, 1949). 

“The Layout of Integrated Iron and Steel 
Works—A Survey of Some Civil Engineering 
Aspects,” by H. H. Mardon and J. 8. Terrington 
(April, 1949). 

The discussion of the paper entitled ‘‘ The Applica- 
tion of Dry-Coke Cooling Plants to Integrated Iron and 
Steel Works,” by L. H. W. Savage and A. V. Brancker 
(February, 1949), originally included in the programme, 
could not take place owing to lack of time. 


On the motion of the President, a vote of thanks was 
accorded by acclamation to the authors of the papers 
presented at the Meeting. 


MEMBERS’ LUNCHEON 


A Luncheon was held at the Dorchester Hotel, Park 
Lane, London, W.1, on Thursday, 28th April, 1949. 
Sir Andrew McCance, F.R.S., President of the Institute, 
was in the Chair, and about five hundred and fifty 
members and guests were present. The guests included 
His Excellency M. Per Prebensen (Norwegian Ambas- 
sador), His Excellency A. J.Clasen (Luxemburg Minister), 
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His Excellency Dana Wilgress (High Commissioner 
for Canada), His Excellency Habib I. Rahimtoola (High 
Commissioner for Pakistan), Field Marshal Sir William J. 
Slim, G.B.E., K.C.B., D.S.0O., M.C. (Chief of the Imperial 
General Staff), Marshal of the Royal Air Force, The 
Lord Tedder, G.C.B. (Chief of the Air Staff), Sir 
Robert Robinson (President of the Royal Society), 
Sir Charles Darwin, K.B.E., F.R.S. (Director, National 
Physical Laboratory), Mr. A. W. K. Brackett (Prime 
Warden of the Worshipful Company of Blacksmiths), 
Sir Charles Goodeve, O.B.E., D.Se., F.R.S. (Director, 
British Iron and Steel Research Association), Lt.-Col. 
J. P. Hunt, T. D. (Master Cutler of Sheffield), Dr. 
J.H. Paterson (President, Institute of Welding), Mr. R. 
B. Templeton (President, Institute of British Foundry- 
men), Mr. P. H. Wilson (President, British Cast Iron 
Research Association), and a number of other repre- 
sentatives of kindred institutions, as well as several 
distinguishd visitors from overseas, including Professor 
Dr. R. Durrer, of Switzerland. 


The loyal toasts having been honoured, His Excellency 
M. Per Prebensen, the Norwegian Ambassador, pro- 
posed the toast of: 


“* The Iron and Steel Institute 


ar 
the Iron and Steel Industry ” 


He said : It is a great pleasure to me to be here today, 
and I feel especially honoured in that I have been 
entrusted with the agreeable task of proposing this 
toast. As a diplomat, I shall not be expected to say 
very much about iron and steel, but I should like to 
assure you that I am perfectly well aware of the extreme 
importance of iron and steel at all times, in times of 
war and in times of peace. 

I was extremely pleased when I heard about the 
Summer Meeting of the Institute to be held in Norway, 
and the large number of your members who will take 
part in it. When I saw that my friend Mr. Schjelderup 
was to be the Chairman of the Reception Committee 
I felt quite sure that everything would be carried through 
most satisfactorily. 

I recall a rather surprising meeting with Mr. Schjelde- 
rup during the occupation in Norway. We met quite 
often, and were both, as true Norwegians, in contact 
with the Resistance Movement, but one member of 
that movement never knew what another was doing. 
In 1943, we were afraid that the Germans would start 
the enrolment of all Norwegian man-power. For that 
purpose they needed a special machine for registration ; 
at that time we had only one such machine in Norway, 
so it was promptly blown up by the Resistance. (Ap- 
plause.) Then it was reported to me—I was at that 
time Director of the Foreign Trade Department in the 
Ministry of Commerce—that the Germans had landed a 
new machine in the port of Oslo. I let the Resistance 
Movement know about this by secret channels and that 
it would be very useful if something could happen to it. 
(Laughter.) They promised to send somebody from the 
sabotage unit to collect the necessary information ; we 
expected someone quite unknown, and you can imagine 
our surprise when who should come in but Mr. 
Schjelderup. Everything went well, and the machine 
was blown up in due course. (Applause.) 

I am also very glad to see that you have chosen that 
beautiful ship, the Venus, for your trip to Norway. | 
had the pleasure a year ago of taking part in the second 
maiden voyage of that ship, from Copenhagen to Oslo— 
a delightful six days—and I am sure that you will be 
extremely satisfied with her. In your programme it is 
mentioned that the ship was sunk and was refloated 
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again. It may interest you to know that in 1931, when 
the ship was built, she cost five million kroner, but it 
cost sixteen million kroner to repair her. 

I think that it would be appropriate to say a few words 
about the recovery of Norway. This has gone very 
well. The volume of industrial production in 1948 
was 16% higher than in 1938. That is not quite such a 
big increase as you have made here, but it is quite 
satisfactory. Of our commercial fleet, which, as you 
know, is a source of foreign currency for Norway, we 
lost 50% during the war, but rebuilding has been very 
speedy, and at the end of 1948 we had 4} million tons, 
as against 24 million at the end of the war. By the end 
of the year our commercial fleet should have regained its 
previous size, and in two years’ time it will be bigger 
than ever before. 

This speedy recovery, of course, has necessitated a 
certain austerity, as you call it here, because our imports 
have had to be cut down to the absolute minimum. 
Our people get enough to eat, but they complain that 
they get too little meat, too little cheese, and too much 
fish. (Laughter.) 

I should like to say a few words about Norwegian- 
British relations. On the commercial sector, ordinary 
trade relations have developed in a very satisfactory 
way, but, besides that, plans are under consideration for 
greater economic co-operation between Norway and 
Great Britain, based on a so-called long-term programme. 
A joint commission, working on a practical basis, will 
start work next month to develop Norwegian industry 
and water-power with the help of British capital. We 
have great hopes of this increased economic co-operation. 

On the political sector there is one event which 
overshadows all others, and that is that we have joined 
the Atlantic Pact. (Applause.) This decision is perhaps 
the most important that we have ever taken, if you 
think of our position and our common frontier with a 
certain country. I am glad to say that the whole of the 
people of Norway, except the Communists, favour our 
joining the Atlantic Pact (applause), and this common 
link with Great Britain will certainly bring us still 
closer together. 

Let me repeat how glad I am that so many of you 
are going to Norway. I assure you that you will be 
most heartily welcomed; you will be received with 
open arms. Not all of you can go to Norway, for the 
production of steel must continue. I hope that its 
production will increase and develop, and it gives me 
great pleasure to propose the toast of “‘ The Iron and 
Steel Institute and the Iron and Steel Industry,’’ coupled 
with the name of your President, Sir Andrew McCance. 
(Applause.) 


The President (Sir Andrew McCance, F.R.S.) said in 
reply : I should like to express to your Excellency 
the thanks of all the members for the toast which you 
have just proposed. We are very conscious of the 
burden of responsibilities which must be carried in 
these days by the representatives of all peace-loving 
nations. That you should spare time from matters of 
such importance to come here today is a gesture of 
friendly interest in The Iron and Steel Institute for 
which we are indeed grateful. (Applause) 

You have referred to our forthcoming visit to Norway, 
and I need not tell you that all our members who are 
taking part are looking forward to it with the keenest 
appreciation. We are very much indebted to Mr. 
Schjelderup and the Norwegian Metallurgical Society 
for extending this invitation to us and for all their 
kindness, hospitality, and help in making arrangements 
for the visit. To many of us it will be in the nature 
of a happy return, and it will enable us to renew friend- 
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ships with a people with whom Britain has always had 
the closest ties. We were united by ties of danger 
and difficulty during the war, and today we are facing 
similar problems of economic recovery, with the same 
grim spirit of determination and the same humorous 
pretence that the grimness is not there. With so much 
in common, it is only natural that we in Britain should 
be drawn to the people of Norway with feelings of 
respect and admiration. (Applause.) 

In many ways Norway has been a pioneer in industrial 
matters, and I think that this is particularly the case 
in the application of electricity to electrochemical and 
electrometallurgical purposes. I remember many years 
ago how a Norwegian engineer, in discussing some 
problems of fuel, keenly regretted the shortage of fuel 
in Norway, particularly having regard to the abundance 
of iron ore in the north, and his great enthusiasm for the 
development of Norway’s water-power resources, the 
‘* white coal,”’ as he called them. 

In those days in Britain we had such an abundance 
of coal that it was just taken for granted, but today I 
should discuss those same problems with him with 
much more sympathy and understanding (laughter)— 
with a realistic experience of what a national monopoly 
can do in that direction in this country. (Laughter.) 
There are few of us today who would not willingly ex- 
change some of our black-coal resources for an equivalent 
in ‘‘ white coal,’ and would do that with marked 
advantage to our national economy. Water and air 
seem to be about the only two raw materials left to us 
whose cost has remained unaffected. ( Laughter.) 
However, we must take things as we find them. 

This Institute is a technical body, and no one realizes 
better than the technical men who are its members, 
that the economic salvation of Britain rests on the 
development of new and efficient industries. The men 
in the steel industry not only accept that as a statement 
of policy, but they have acted on it. Every year 
since the war ended our steel output has increased by 
roughly one million tons per annum, or a total of three 
million tons in all. The members of this Institute have 
had a very large share in that achievement, and they 
have every reason to feel satisfied with their work. 
(Applause.) 

During the war, our steel plants were wholly at the 
service of the Allied cause. We had to employ tens of 
thousands of men and women who had no previous 
experience of steelmaking operations, and no knowledge 
of the handling of the equipment involved ; as a result 
our machines got knocked about a bit. I admit that 
at the beginning some of the plants were not in first- 
class condition, but at the end of the period they were 
certainly elderly beyond their years. 

There has been much talk in recent years of the need 
for re-equipping the steel industry, of the need for new 
machines, new furnaces, and new methods. Much of 
that talk, to my mind, has done harm to the standing of 
Britain in countries abroad. Much of the adverse 
criticism has been in the nature of wishful political 
thinking, with a motive behind it. I should like to 
put this to you. If we had been able to get our plants 
back into a state of good repair without interfering with 
production, that would have been considered good work. 
To have got them back into a state of good repair and 
to have added at the same time a million tons each 
year to our output is an achievement the magnitude 
of which has not been fully realized, I think, outside 
our industry. 

The critics of the steel industry have forgotten one 
very important factor, namely, the influence on an 
industry of technical knowledge and skilled manage- 
ment combined. In that respect our industry has been 


JOURNAL OF THE IRON AND STEEL INSTITUTE 











144 





very fortunate. The larger number of men in the 
industry are in it because they want to be in it; they 
find an interest in its technical problems, and content- 
ment in dealing with its day-to-day difficulties. To 
them, the Institute is a centre for the expression of 
new ideas, and for the exchange of new types of ex- 
perience. In that way they acquire the essence of the 
scientific habit of mind, which is in its application merely 
the ability to realize things as they are and to build up 
logically from that basis. To that habit of mind and to 
the freedom to apply it, to the stimulus of initiative, and 
to the maintenance of just and fair human relations, 
the steel industry owes its post-war success. From 
every angle of assessment—commercial, technical, and 
economic—we have been fortunate also in our industrial 
leadership, which has acted in these difficult times 
with a full sense of the responsibility which it carries. 
As we know from other spheres of activity today, 
leadership and a sense of responsibility do not always go 
hand in hand. I recall the story of two men who were 
standing at a window looking out on the street, when a 
large crowd went by. One of them said: ‘‘ There goes 
the mob ; I must go out and follow them, because I am 
their leader.” (Laughter.) One can imagine that 
people who are accustomed to see their leaders in front 
do not take kindly to a change. 

The post-war record of the steel industry is known ; 
the future direction of our progress, unfortunately, is 
filled with uncertainty. An industry which has been 
accustomed to driving forward does not take kindly to 
the thought of having to change its direction. However, 
let us hope that whatever happens, in whatever direc- 
tion we are forced to go, the habit of mind which has 
enabled our progress to take place and which has been 
responsible for it in recent years will be encouraged to 
continue, and let us hope that this Institute will continue 
to merit the good wishes which His Excellency has 
expressed, and for which it is my privilege to thank him. 
(Applause) 


“The Guests ”’ 


Mr. G. H. Latham (Vice-President), who proposed the 
toast of “‘ The Guests,” said: I have a very pleasant 
duty to perform in extending a warm welcome to our 
guests. It is so well known as scarcely to need repetition 
that the main function of The Iron and Steel Institute 
is to afford a means of communication between members 
of the iron and steel trades in matters bearing upon their 
respective manufactures. The Iron and Steel Institute 
is international in its membership, and its numbers 
exceed 4900, so that it is not at all unusual that at this, 
the principal luncheon function of the year, we are 
honoured by the presence of a very distinguished 
gathering of visitors. 

I think that it is only comparatively recently that 
we as an industry have recognized the enormous benefit 
which can be obtained from inter-works visits and an 
exchange of technical knowledge. I believe that The 
Iron and Steel Insitute, with the pleasant atmosphere 
of its meetings and discussions, has done a good deal to 
break down the unpleasant and undesirable conser- 
vatism which may have existed a few years ago in our 
industry. 

Today we are proud of the fact that there is an 
international and common desire and determination to 
increase the efficiency of our great industry, and I am 
happy to have this opportunity of paying tribute to our 
overseas Visitors, in particular, for their sympathetic help 
and example in this respect. Those of our members 
who have visited works overseas cannot speak too 
highly of the hospitality and the free exchange of 
knowledge which they have found, and I can only hope 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





MEMBERS’ LUNCHEON 


that our overseas friends are equally satisfied with their 
visits here. (Applause.) 

It would be invidious for me to single out those 
visitors who are prominent in their own spheres of 
activity, but we extend to all our greetings, and we 
thank them for coming here. I express the sentiments 
of all the members of the Institute in offering them a 
very warm welcome. (Applause.) It gives me great 
pleasure to couple this toast with the name of that 
great scientist, Sir Charles Darwin, Director of the 
National Physical Laboratory. (Applause) 


Sir Charles Darwin, K.B.E., F.R.S., Director of the 
National Physical Laboratory, who responded, said : 
It is my pleasant duty to reply to this toast of the 
guests. I am also glad to have this opportunity, to 
which I have looked forward for a long time, to express 
my thanks to your President for the great obligations 
under which he has placed me personally and the 
institution for which I work. For a considerable number 
of years, and particularly during the war, Sir Andrew 
McCance served on the Executive Committee of my 
Laboratory, and I can assure you that not merely in 
metallurgical matters, but in many others, he was 
invaluable to us by reason of the excellent advice which 
he gave us. (Applause.) He has lately taken on another 
responsibility in another committee on the subject of 
the planning of the future of the Laboratory. I am very 
grateful, therefore, for this opportunity of paying a 
personal tribute to him, and I want to add to it a general 
tribute to The Iron and Steel Institute, because the 
Institute provides a forum where our metallurgists at 
Teddington can communicate their ideas and get ideas 
from others. 

There is another curious bracket which ties us with 
you. The Institute was created a long way back in 
the nineteenth century; there was a long period—I 
think about thirty years—which perhaps I may call a 
period of gestation, but from my point of view the 
really important date is that on which it acquired its 
Royal Charter, 17th November, 1899. It happens that 
the Laboratory which I at present represent came into 
existence on Ist January, 1900, so that there isa 
difference of only six weeks between your birth and ours. 
I think that in those conditions, if you allow for the 
biological nature of the birth of twins, we may claim 
to be twin brethren. (Zaughter.) Within a few months 
you and I will be fifty years old. We salute you as a 
fifty-year-old. 

I should like to say how important is an Institute 
like this, which exists for the purpose of combining 
the practical side of the production of material 
with the theories which lie behind it. The practical 
man is extremely busy dealing with troubles which 
arise from day to day, and sometimes he has not time 
to attend to the latest progress which is in the air, 
most of which is wildly speculative at first. On the 
other hand, the theoretical man is sometimes disposed 
to deal, not with what nature is, but with what nature 
ought to be. To give an example, it may be said with 
the greatest confidence that iron ought to be between 
three and four thousand times as strong as it really is. 
The theorist knows that steel is nothing like as strong 
as in a perfect world it ought to be, but he does, I hope, 
manage to convey to you that when you have 3000% 
to play with, at least there is a chance that you may make 
an improvement of perhaps 10 or 20% (laughter) 
without violating those laws of nature which so many 
of us preach are inviolable. The Iron and Steel Institute 
fulfils the ideal which a body of this kind ought to have, 
of men with their feet on the ground and their heads in 
the air. (Applause.) 
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1949 


AN ELECTRICAL PRESSURE-METER FOR MEASUREMENT 
OF OPEN-HEARTH FURNACE DIFFERENTIAL PRESSURES* 


by S. S. Carlisle and B. O. Smith 


Mr. §. S. Carlisle, in presenting the paper, emphasized 
the advantages of the instrument as regards its flexi- 
bility in application, both in location of the various 
units and in its function. Its pressure range could be 
readily adjusted between wide limits without radical 
change in design, and by replacing the permanent 
magnet by an electromagnet of similar proportions the 
instrument reading could be made proportional to the 
square root of pressure applied, thus suiting it to use 
in orifice-plate flow measurement where a linear scale 
of flow rate was required. 

Mr. Carlisle referred to possible maintenance problems 
which a potential user might naturally anticipate with 
an instrument of this nature, employing principles and 
apparatus which are relatively new to the heavy process 
industries. He pointed out that, although the seven 
months’ trial on a furnace gave no reason for concern 
as regards reliability, it should be realized that if the 
fullest advantage was to be taken by industry of the 
measuring tools which research and development could 
provide, works maintenance facilities must to a certain 
extent be matched to the needs of new instruments. 
This assumes, of course, that the measuring problem 
presented necessitates a departure from more estab- 
lished and familiar techniques, and that the instrument 
designer sets out to ensure that (a) the principles em- 
ployed are the most suitable for the particular problem, 
and (b) the design technology is matched to the condi- 
tions under which the instrument has to work. 

Mr. R. C. Baker (John Baker and Bessemer, Ltd.) : 
The authors are to be congratulated on designing a 
measuring instrument which will withstand the rigorous 
conditions encountered close to the furnace crown. 
Although most melting-shop managers now realize the 
importance of measuring and controlling furnace pres- 
sure, there are still some who do not. 

The authors’ statement that a great deal of work is 
at present being done on the automatic control of 
open-hearth furnaces is correct, but automatic furnace- 
pressure control is not new, although the actual measure- 
ment used has not been a true differential pressure. 
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This in itself is important only when comparisons are 
made between different furnaces. The meter described 
by the authors should enable true comparisons to be 
made between the furnace pressures used in various 
melting shops. 

Do the authors consider that the use of an electronic 
device may lead to difficulties in maintenance of the 
equipment ? In a small works we find this point 
extremely important, since the average works electrician 
has very little knowledge of electronics. We use an 
amplifier in connection with liquid-steel temperature 
measurement and, although the instrument requires 
very little maintenance, if a fault does occur, we have 
great difficulty in finding a suitable person to deal with 
it. 

The authors state that the meter could be used for 
measurements of gas and air flows. The ring balance 
normally used for these measurements is very simple 
and can be used with relatively low pressure drops. 
They also mention that the instrument has a high speed 
of response, and is therefore suitable for use with an 
automatic-control equipment. A relatively high speed 
of response is certainly necessary, but there is a limita- 
tion to this speed; it is no use having a measuring 
instrument with a higher speed of response than that 
of the valve or damper which is to be used to control 
the variable. 

Mr. I. M. D. Halliday (United Steel Companies, Ltd.) : 
The authors of this paper are to be congratulated on 
having produced an instrument which meets a real need. 
The value of this instrument lies in its ability to measure 
the difference between two small gas pressures, ¢.g., 
the pressure of the furnaces gases, which could be 
measured with the usual pipe-line pressure connection 
and the errors in such a reading due to the chimney effect 
or buoyancies of the pipe-line gases which become heated. 
These errors are comparable in magnitude to the true 
value of the furnace pressure, which (in furnaces with a 





* Journal of The Iron and Steel Institute, 1949, vol. 
161, Mar., pp. 222-229. 
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height of crown 6 ft. 6in. above the slag level), is of the 
order of 0-080 in. W.G. for minimum air leakage at the 
doors. 

These errors which vary largely and irregularly are 
briefly as follows : 

(i) An error of magnitude progressively increasing 
to about 0-060 in. W.G., due to causes not fully under- 
stood at present. Gradual heating of the pipework due 
to wear of the lining and also, perhaps, gas diffusion 
into the pipe connection over a period of time, seems 
responsible. 

(ii) Errors of magnitude + 0-010 in. W.G. due to 
variations in the weather, and to daily variations of 
temperature and wind. Regular variations of mag- 
nitude + 0-005 in. W.G., due to day and night weather 
conditions, can also occur. 

(iii) Variations of as much as 0-010 in. W.G., due 
to the cast time and/or furnace temperature. Certain 
large irregularities, of magnitude about 0-030 in. W.G., 
occur when slag is tipped into the slag bay underneath 
the furnace, and so heats up the pipework. Smaller 
irregularities, up to 0-015 in. W.G., also occur, due 
most probably to flame sting through the doors, in 
front-wall installations of this type. 


These variations occur independently, and therefore 
give an indefinite value for correction. 

Such observations show the need for a differential type 
of installation, making use of a compensating return 
pipe, and there is, of course, advantage in placing the 
instrument at roof level. The number of differential 
instruments available for this purpose is very limited. 
In addition to the B.I.8.R.A. instrument, there are only 
two other types: The Negretti and Zambra differential- 
pressure recorder, which is also a null-point instrument 
but which operates on compressed air, using the pneu- 
matic balancing-beam and amplifier principle ; and the 
Kent sensitive pressure recorder and transmitter, which 
is of the inverted bell type, and works on liquid paraffin. 

I think that the statement regarding air infiltration 
through leaks in furnace structures, on page 222 of the 
paper, should read not “‘ twice as much as ” but “‘ as much 
again as’ the air flow at the valves. The total air in- 
filtrated in this way rarely amounts to twice the quantity 
of fan-blown air, but can be an equal quantity. Several 
of the statements in the Introduction to the paper, and 
especially on page 222, require some qualification in the 
light of these remarks. 

Are not the merits of electric and pneumatic trans- 
mission about equal ? and does not the preference for 
one or the other depend rather on secondary considera- 
tions ? Further, what is the effect of instability, es- 
pecially as regards valve characteristics, in the 250-V. 
D.C. supply which is supplied to points rq in Fig. 5 ? 

The authors are fully justified in the claims which 
they make in their conclusions. It is understood, pre- 
sumably, that it is not desirable from a control point 
of view to work for long periods with one of the valves 
out of action. 

Finally, I attach an extract from our works mainten- 
ance report on the first trial run of this instrument. 
This fully justifies the authors’ work. 

“This instrument was in service continuously, 
except for furnace repairs, from October, 1948, to 
9th March, 1949, at which date it was removed for 
examination. Initially, pressure fluctuations caused 
considerable difficulty with the pen mechanism, but 
after thicker oil had been put in the dashpot, and a 
200-microfarad condenser had been shunted across 
the input leads no further trouble was encountered. 
Weekly draining of the water sump proved adequate. 
No appreciable change of zero was noticed throughout 
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the whole period, and checks against an inclined gauge 
showed satisfactory accuracy. The magnetic filter 
was not examined until the end of the period, and at 
that time proved to be almost free of accumulated 
magnetic particles.” 


Dr. A. H. Leckie (B.I.S.R.A.) : I think that the real 
question before us is to what extent the existing instru- 
ments are unsatisfactory, and why. Mr. Halliday has 
dealt fairly fully with this. There is no doubt that 
most of the pneumatic types of instruments used in works 
may be subject to slight errors. The instrument makers 
themselves are well aware of this and, of course, they 
know how to remedy it, but, so far, there has not been a 
demand on the part of the users for the attainment of 
that degree of accuracy which the research man would 
like to see. 

After hearing the paper by Dr. Marshall and Mr. 
White, presented this morning, can anyone question 
the importance of furnace pressure and the need for 
eliminating as far as possible all the errors due to the 
changes which Mr. Halliday has described ? Many 
works managers say they do not care what the 
error is so long as it is constant, but Mr. Halliday has 
shown that the errors are not constant; I therefore 
submit that a very high degree of accuracy is necessary, 
particularly in view of the growing importance of 
automatic control, and the fact that a very small 
change in the furnace pressure can alter the air in- 
filtration so considerably (to an extent which nullifies 
any efforts at air/fuel ratio control). The present 
method of adding a buoyancy correction of, say, 0-03 in. 
to a furnace pressure measurement of 0-05 in. W.G., and 
taking the result as 0-08 in. is not sufficiently accurate. 


AUTHORS’ REPLY 
Mr. §. 8. Carlisle and Mr. B. 0. Smith wrote in reply : 


Mr. Baker has raised the very important subject of 
the maintenance of electronic apparatus in steelworks. 
Admittedly, the repair and maintenance of this type of 
equipment involves problems different from those encoun- 
tered with instruments whose operation is largely depen- 
dent on precision mechanisms. In the latter instance, 
the diagnosis of a fault is relatively simple, but repair 
requires considerable skill. In electronic apparatus 
such as that which might be used in measurement and 
control of steelmaking plant, the diagnosis of a fault 
might be considered more difficult, but repair is normally 
very simple ; for example, changing of a component, 
which requires little skill other than ability to use a 
soldering iron. Diagnosis of faults in electrical and elec- 
tronic equipment can, however, be made quite simple by 
proper design of the apparatus and by provision of 
suitable fault indication systems. We would submit 
that, in many cases, the maintenance and repair of 
measuring and control instruments employing electrical 
and electronic techniques are simpler and quicker than 
they are in their mechanical counterparts, provided suit- 
ably trained personnel are available. It also might very 
well become apparent in the future that the training of 
such personnel is a simpler matter and requires less time 
than the training of the skilled mechanic to maintain 
apparatus employing purely mechanical or pneumatic 
systems. In this respect, one might give some thought 
to the achievements of the radio and radar mechanics in 
maintaining, frequently under very difficult conditions, 
the extremely complex war-time radar apparatus, bear- 
ing in mind that in the majority of cases these men had 
only six or nine months training in this type of work, 
and had no other technical background than an ordinary 
school education to matriculation standard. 

In regard to the use of the instrument for flow measure- 
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ment using an orifice plate to develop a differential 
pressure as a function of flow rate, the electrical pressure 
meter has the advantage that it can deal readily with 
much lower differential pressures than can the ring balance 
meter. It can thus give readings of flow rate down to 
low fractions of the maximum, where the pressures de- 
veloped are extremely small due to the square law 
relationship between differential pressure across the 
orifice and rate of flow. It also has the advantage that 
the instrument is inherently capable of remote indication 
of its readings without the addition of any further 
telemetering system. 

Mr. Halliday’s detailed analysis of the various sources 
of error which can arise if only one pressure pipe connec- 
tion is used, and especially the variation in these errors 
which can occur in a particular installation from time to 
time, is extremely interesting. These figures emphasize 
the need for the shortening of pressure pipe connections as 
much as possible, which could be done with the instrument 
described in the paper by virtue of its capabilities of 
remote indication. 

The effect of supply voltage variations on the per- 
formance of the instrument can be considered negligible 
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for even quite large changes of, say, + 20 to — 30 
V. in the 250-V. supply. Admittedly, such a change 
in voltage alters the amplifier gain, but in view of the 
large amount of negative feed-back in the measuring 
systems, even a 50% change in gain causes less than 2% 
change in the instrument calibration. 

In regard to the relative merits of the electronic, 
pneumatic and inverted bell types of instrument, we 
feel that the decision as to which is the most satisfactory 
system must be left until more experience of their use 
under melting-shop conditions has been obtained. 
Various arguments can be put forward in favour of each 
of these instruments, but their relative advantages 
are, in many cases, closely associated with their suitabliity 
for incorporation in a particular furnace instrumentation 
system. In the opinion of the authors, however, the 
versatility of the electrical or electronic technique, 
whether applied to temperature, pressure, flow, or gas 
composition measurement, and the ease of indication, 
recording, and co-ordination of signals from a measuring 
instrument in an electrical form, gives a certain advan- 
tage to the use of complete electrical instrumentation 
systems on steelmaking plant. 


THE THERMODYNAMICS OF SUBSTANCES OF INTEREST IN IRON AND STEEL 


MAKING FROM 0° C. TO 2400° C. 


I—OXIDES* 


by F. D. Richardson and J. H. E. Jeffes 


Dr. F. D. Richardson (British Iron and Steel Research 
Association) presented the paper. 

Dr. N. P. Allen (National Physical Laboratory), 
who opened the discussion, said: The average inves- 
tigator into thermodynamic subjects has frequently 
been teased by variations in the nomenclature units 
and symbolism, and the collection of these data in a 
uniform way is most useful. All will agree also with the 
authors’ adoption of a graphical method and a simple 
linear formula. A calculation which gives an equilibrum 
constant accurate to within 10-30% is often quite useful ; 
for greater accuracy, refinements which the authors 
have neglected can be used. 

Attention should be drawn to one simplification, 
which may cause difficulties. All the reactions mentioned 
in Fig. 1 have only a hypothetical existence ; that is 
to say, in practice a reaction such as that between iron 
and oxygen to form iron oxide is really one in which 
a saturated solution of iron oxide in iron reacts with 
oxygen to form a saturated solution of iron in iron 
oxide, and the variable composition of the solutions 
involved exerts its effect. For that reason the simple 
curves given have to be replaced by families of curves 
if the complete behaviour is to be expressed. 

The curve for the reaction 2Fe + O, = 2FeO simply 
states that when | mol. of oxygen reacts with 2 of iron 
to form 2 of iron oxide, the free-energy change is so 
much. That does not mean that when oxygen reacts 
with a different quantity of iron to form iron oxide the 
free-energy change has the same value, nor that if 
2 mols. of iron react with 1 mol. of oxygen at any part- 
icular temperature the product will actually be FeO. The 
real behaviour is determined by different considerations. 
When 1 mol. of oxygen reacts with a large amount of 
iron in such a way that a dilute solution of iron oxide 
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Fig. A—Free-energy relations in the iron-oxygen 
system (schematic) 





* Journal of The Iron and Steel Institute, 1948, vol. 
160, Nov., pp. 261-270; 1949, vol. 161, Mar., p. 229. 
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in iron (containing, say, 0-001% of iron oxide) is formed, 
the oxygen will be very tightly bound to the iron and 
the free-energy change will be large. It may be repre- 
sented by a curve such as A;,in Fig. A. If the amount 
of iron with which the oxygen reacts is less, and the final 
solution is less dilute, the oxygen is, on the whole, less 
tightly bound to the iron, and the free-energy change 
is correspondingly less. Curves A, and A, might, 
for example, represent the change associated with the 
formation of solutions containing 0-01 and 0-1% of 
oxygen respectively. The free-energy changes associated 
with the formation of ferrous oxide (which may have a 
wide range of compositions) similarly depend upon the 
precise composition of the oxide formed, and curves 
B,, B,, Bs, and By may be drawn, representing the 
free-energy changes for oxides corresponding to the 
compositions FeQo.s, FeOo.,, FeO,..and FeQ,.,. Of these 
curves only By; is given in Fig. 1 of the paper. They 
are a family of intersecting curves whose envelope CD 
describes the properties of the particular composition of 
oxide which is most stable at each temperature. 

At a temperature such as 7';, solutions of iron oxide 
in iron are formed if the quantity of iron is so great that 
the free-energy change is not less than that represented 
by the point P. If less iron is present, a ferrous oxide 
phase of the composition FeO o.. must form. At 
another temperature such as 7',, the condition for 
the formation of a ferrous oxide phase is given by the 
point Q, and the phase in this case according to the 
diagram has the composition FeQ,.,. 

The positions of the curves A, to As and B, to By 
depend on the chemical properties of the phases concerned 
and cannot easily be forecast.. The courses drawn in 
Fig. A are entirely imaginary and must not, of course, 
be used to predict actual behaviour. In practice the 
compositions of the phases encountered vary a good deal, 
and their behaviour cannot be completely described 
in a single curve such as is given in Fig.1 of the paper. 
One cannot yet say in a particular case whether a wide 
range of solutions will be formed, and experimental 
work must therefore still be used to supplement the 
conclusions derived from calculation. 

The reduction of V,0O3, by calcium may be quoted 
as a case in which the simplified treatment can lead to 
misleading results. It might be imagined from the curves 
that V,O; could easily be reduced by calcium to produce 
vanadium metal. In practice a solid solution of VO 
in vanadium is formed which is exceedingly stable, 
and it is only with the greatest difficulty that the oxygen 
content of the metal can be reduced below 0-4%. 

Mr. W. L. Kerlie (Messrs. Stewarts and Lloyds, Ltd.) : 
I have read this paper in the light of basic Bessemer 
practice. In Fig. 1 it will be seen that at 1300° C. 
in the oxidation of Fe to FeO approximately 68-5 kg.cal. 
represent the energy change. For the formation of 
silica the energy change is 140 kg.cal., which suggests 
that any FeO formed in the initial stages of the basic 
Bessemer reaction should be immediately reduced 
by silicon with the formation, of SiO,, and that actually 
happens; the FeO in the early slags is particularly 
low, and the silicon is the first element to oxidize out. 
That is also revealed by the characteristics of the flame. 

The formation, of the silica (140 kg.cal.) should take 
slight precedence over the formation of manganese 
oxide, and that also obtains in practice, the figure for 
manganese oxide being 130 kg.cal. A third point is that 
the formation of P,O, at that temperature is represented 
by 50 kg.cal., and therfore no P,O; should be formed ; 
and that is also virtually what takes place. 

This, roughly speaking, represents the course of the 
reactions, but the question of the influence of lime on 
the formation of the various silicates is, of course, of great 
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importance to the course of the reactions, and I hope 
that the authors’ future work on this subject will be 
devoted to consideration of the formation of silicates, 
and particularly the simple silicates CaO.FeO.Si0, 
and 2Ca0.SiO,. 

I should like to draw the attention of the authors 
to the following quotation from the preface to the 1940 
edition of Chemical Thermodynamics!: “It may be 
mentioned that the name ‘ free energy ’ has been retained, 
following a long and consistent use in Europe, for the 
function F = E — T'S, but the name ‘ available energy ’ 
has been introduced for the function G = HE — TS + 
PV, formerly called ‘thermodynamic potential’ and 
now, unfortunately, ‘ free energy ’ by some workers.” 

I am glad that the present authors, as Dr. Allen 
mentions, have followed standard procedure with regard 
to chemical symbols, which makes the reading of a 
paper like this very much easier, but it is time that 
something was done about the use of phrases. A phrase 
such as “‘standard free-energy change” or “standard 
available energy change’ becomes a little difficult 
when associated with a whole series of similar phrases. 
Although the authors have been wise in limiting or 
separating such technical phrases, one can see considerable 
difficulty in getting the story across in future from the 
laboratory to industry itself, and I would recommend 
for an expression such as this the use of the simple 
term ‘ affinity.’ I do not think that there is any scien- 
tific objection to the use of this term. 

On page 262, under the heading ‘“‘ Standard States,” 
the authors state: ‘‘It is useless to quote the free- 
energy change for a reaction without defining the con- 
ditions of the reactants and resultants—that is, without 
defining the standard states to which the free-energy 


change is related.”’ I am not denying the first part of 


this statement, but I should like to suggest that the 
latter part is scarcely correct if it is regarded as a gen- 
eralization, although no doubt in this particular paper 
it does apply strictly. A great deal of interesting infor- 
mation can be obtained by simply ignoring the standard 
states. In a process for which the true equilibrium 
constants are not known—for example the formation 
of manganese oxide by the oxidation of manganese 
in the steel to MnO, which is influenced tremendously 
by the basicity of the slag—we can still do something 
about this in practice by using, say, the V-ratio for 
basicity in building up an equilibrium constant of 
practical value. Then, in the following equation : 


— AG =RT log,K — RT log, X 


we need not use standard states but can substitute the 
basicity terms, and we can note the variation in energy 
change of the reaction with temperature. Similarly 
it should be possible to obtain a rough idea of the influence 
of some other reaction, like that giving rise to the forma- 
tion of CO. 

Dr. P. Herasymenko (The United Steel Companies, 
Ltd.): Figure 1 is a very elegant condensation of a 
vast amount of useful information. Although the data 
refer strictly to substances at unit activities, they 
can serve as a guide to many problems of steelmaking 
(including the formation of non-metallic inclusions) 
where these substances are mostly in solution either 
in liquid or solid steel or slag. The relative positions 
of deoxidation equilibria can be estimated from the 
diagram with a fair degree of accuracy and they can 
be used for practical purposes. I should like to give 
some examples of their application. 

Many years ago a metallurgist on the Continent told 
me that he had experienced considerable difficulties 
when he first tried to make tungsten steel in the basic 
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electric arc furnace. Judging from the known chemical 
behaviour of tungsten, he expected that tungsten would 
be readily oxidized in liquid steel, even under the redu- 
cing slag, and therefore he added ferro-tungsten to the 
bath just before tapping. The result was that a high 
proportion of the tungsten was lost, in some cases more 
than half the amount added. However, when ferro- 
tungsten was added early in the reducing period, or 
even to the boiling bath before forming the reducing 
slag, the loss of tungsten decreased to an insignificant 
value. 

Now, from the authors’ data and diagram it can be 
estimated that tungsten lies well above iron at 1600° C. 
which means that tungsten will be less oxidized than 
iron. The losses of tungsten when it was added just 
before tapping were due to incomplete solution of 
ferro-tungsten, which, being specifically heavy, remained 
on the furnace bottom and was entrapped in the crevices 
of the hearth. 

I also suggest the question: Is it possible to produce 
oxygen-free iron by melting in magnesia crucibles in 
vacuo? From Fig. 1 of the paper, the equilibrium con- 
stant of the reaction 2Mg + O, = 2MgOis: 


Log k1 609 = 108 p*MgPo, = —20 
Since Po, = 2PMg> we obtain : 


Po, = 1-3 x 10-7 atm. 


According to the data of Chipman, the partial pressure 
of oxygen over the liquid iron containing 0-:1% of 
oxygen is Po, = 1-6 x 10-° atm., which is about 100 


times less than the pressure of oxygen over magnesia ; 
therefore liquid iron will pick up oxygen, and the pro- 
duction of pure, oxygen-free iron in a magnesia crucible 
in vacuo is impossible. 

Calculations of equilibria from thermal data were 
applied in most early applications of physical chemistry 
to steelmaking problems, but often, owing to the inade- 
quacy of such data, the calculated values differed very 
much from the true ones. Thus, for instance, in his 
first calculations Professor Chipman placed vanadium 
amongst the most powerful deoxidizers. The experience 
of steelmaking in the acid open-hearth furnace shows, 
however, that vanadium is less oxidizable than man- 
ganese ; in fact, it can be reduced easily from acid slag to 
the metal. 

The authors have not mentioned some reactions 
which may considerably influence the accuracy of 
thermodynamic calculations. Some elements can exist 
at high temperatures and low oxygen pressures as 
compounds of lower valency than that observed at low 
temperatures. This is true in the case of chromium. 
Kérber and Oelsen have found that chromium occurs 
in acid slags almost completely in the bivalent form, 
and I was able to confirm this in the case of acid open- 
hearth furnaces. Pure chromic oxide at low oxygen 
pressure in equilibrium with metal is very probably 
also partly reduced to the bivalent form, so that at 
high temperatures there is present a solid solution of 
bivalent and trivalent chromium oxides. The extra- 
polation, therefore, of the low-temperature data into 
the region of steelmaking temperatures will not always 
give quite accurate results. 

The possibility of the occurrence of lower valency 
oxidation stages is not excluded in the cases of molybden- 
um, titanium, tungsten, and vanadium. It seems, there- 
fore, that in these cases direct measurements of equilibria 
at high temperatures will give more reliable information 
than will the thermodynamic method, because the 
necessary data (specific heats, heats of reaction) are 
either lacking or inaccurate. 


OCTOBER, 1949 


DISCUSSION ON THE THERMODYNAMICS OF SUBSTANCES 








149 








Dr. H. A. Dickie (Messrs. Stewarts and Lloyds, Ltd.) : 
The authors’ ingenious and useful method of correlating 
and comparing a large number of data seems to be 
applicable to the reduction of ore, to steel-refining 
reactions, to deoxidation, and to scaling reactions. 
Practical experience in many directions confirms the 
general correctness of their views, but I do not think 
that their Fig. 1 can in all cases be directly applied 
without further modification or amplification. 

It is true that the element carbon exercises a powerful 
deoxidizing effect at high temperatures. As an instance 
of this, a number of years ago we tried to deoxidize 
liquid steel in the works by pouring it into a synthetic 
liquid slag made in a separate furnace; this method 
was almost wholly ineffective in producing any de- 
oxidation of the metal until the carbonaceous lining 
of the electric furnace in which the synthetic slag was 
prepared broke down and contaminated the slag. 
That produced a very powerful deoxidizing effect 
without any very significant increase in the carbon 
content of the resulting steel. The results were, however, 
rather erratic. 

Figure 1 of the paper shows the various oxides to 
form in a certain order, and the reason for this order 
is known or at least is connected with other known 
physical properties of the elements. For example, 
the order is almost exactly that of the electrode poten- 
tials of the various elements under standard conditions 
in the electrochemical series of elements. This leads 
to another practical proof of the general correctness 
of the data, in that elements which are electronegative 
to iron are not oxidized in steel furnace baths. 

We can get another guide to this in the periodic 
system. A great many of the elements with which we 
deal in steelmaking are located in the fourth period 
of the periodic system, and these elements, starting 
from calcium, then titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, and copper, fall in the 
order shown on the authors’ diagram, except for a reversal 
of chromium andmanganese. This means that elements 
on the right-hand side, for example, such as copper and 
nickel, do not become oxidized in steel furnace baths 
but are left behind in the bath; and this is, I think, 
a problem for steelmakers in the future, because these 
elements have injurious effects in mild steel. 

Another point is that, in the scaling of steel, iron 
oxidizes preferentially to nickel and copper, and possibly 
one or two other elements, like arsenic, which is also 
electronegative to iron ; these elements are concentrated 
in the surface layers of the steel and lead to unfortunate 
effects, sometimes in association with other elements 
like sulphur, in producing intercrystalline attack and 
injuring the welding characteristics of mild steel. 

Mr. Kerlie mentioned the oxidation of phosphorus 
to P,O, in the basic Bessemer process. According 
to Fig. 1, phosphorus would not be oxidized at the 
temperatures used in the basic Bessemer process ; 
that is to say, iron would be oxidized preferentially, 
but this is not the case. In the basic Bessemer process 
some of the phosphorus is removed at an early stage, 
and I have not the slightest doubt that a great deal more 
of it would be removed if a liquid slag were in contact 
with the metal. Actually there are lumps of solid 
lime which become coated with calcium phosphate 
and after the removal of a small amount of phosphorus 
there is no further removal until the later stages, when 
the temperature is rising sufficiently to produce a fluxing 
effect, resulting in a liquid slag. In the acid Bessemer 
converter, of course, no phosphorus is removed in that 
way. 

The removal of elements forming acid radicals, 
such as phosphorus or vanadium, evidently depends 
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stable compounds in the slag. 

No doubt the authors will develop further the practical 
applications of their scheme ; this should be of the great- 
est value to the steelmaker. 


Dr. O. Kubaschewski (National Physical Laboratory) : 
We must be very grateful to Dr. Richardson and Mr. 
Jeffes for collecting the free-energy data of oxide form- 
ation and for deriving from them critical formulae 
for general application. However, this work shows 
up the gaps in our data and it should stimulate further 
experimental work, especially on such metals as van- 
adium, niobium, tantalum, titanium, zirconium, etc. 

The presentation of the present authors’ work shows 
one big improvement on that of K. K. Kelley (references 
30-34 of the paper). Kelley and his co-workers present 
their free-energy data in formulae derived directly 
from calculation and involving up to six terms, whereas 
Richardson and Jeffes have shown that an expression 
of two terms generally gives sufficient accuracy. If 
the data are known with high accuracy and if the con- 
tribution of the AC», term to the free energy is propor- 
tionally high,* for instance, in the formation of liquid 
titanium tetra-chloride from solid titanium and chlorine 

as : 
Ti + 2Cl, = TiC], 
solid gas liquid 


then a three-term expression should be preferred, of the 
form : 
AG = AH° + aTlogT + T x AS°® 


where a represents the (average) change in atomic heat, 
AC, x 2-3. This form will express almost every 
free-energy value to the accuracy obtainable hitherto. 

I agree on the whole with the general statements 
in the paper and am certain that the individual AG 
formulae have been worked out with great care. I 
would suggest only a few minor alterations and should 
like to give information on some of the oxides which were 
not included in the paper. 

Boron—The heat of formation of glassy boron oxide 
has been discussed recently by Roth,? who derived an 
average value from all the experimental results, including 
those of Todd and Miller.* Further thermochemical 
data for B,O; have been determined and evaluated by 
Southard. From all these data can be derived the 
value : 

A G2os—iso0°K. = — 223,000 + 35-57 


for the free energy of formation of liquid or amorphous 
B,O;, expressed in the molar quantity by the equation : 


4B + O, = $B,0; 


The accuracy is limited mainly by the errors in the 
heat of formation to within about +12kg.cal. There 
is, however, quite a recent redetermination of P,O; by 
Eggersgluess, Monroe, and Parker,’ which would alter 
the AH° term in the equation above from — 223,000 to 
— 184,000. 


Iron—One of my associates, Dr. O. von Goldbeck, 
has recently investigated the H,O/H, ratios in equilibrium 
with iron and iron-nickel alloys between 600° and 
950°C. The values for pure iron were very close to 
Eastman and Evans’ curve. It was concluded, how- 
ever, that the curve extrapolated from the iron-nickel 
alloys with small nickel contents is still more accurate, 
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on the availability of basic radicals capable of forming 


being independent of deviations due to contaminations, 
etc. This curve was carefully compared with the 
results of other observers (mainly those referred to in 
Richardson and Jeffes’ paper), and finally the value 


AGp = + 5620 — 1-917 cal. 


was accepted for the reaction 
2FeO + 2H, = 2Fey + 2H,0 gas 


Using Richardson and Jeffes’ free energy of H,O form- 
ation, we obtain 


A Gs73—1642° K. = — 123,620 + 28-667 
for the reaction 
2Fey + O, = 2FeO (wiistite) 


This, I suggest, is correct within an accuracy A. The 
formula is of course subject to the restrictions pointed 
out by Dr. Allen, earlier in this discussion, and also 
by the authors. 

Magnesium—The thermochemical data of MgO are 
known so accurately that a three-term expression 
should be applied in place of the two-term expression 
evaluated by Richardson and Jeffes. There are in 
addition some more recent determinations of the heat of 
formation of MgO,’ and the heat of fusion of magnesium * 
than those quoted in the paper. The following equations 
may be suggested for the reaction 2Mg + O, = 2MgO: 


A G 298—923°K. = — 288,700 — 5-97logT + 67-97 
A G 923—1376°K. = — 290,700 — 0-48TlogT + 53-9T 
A Gi376—2300°K. = — 363,200 — 14-747Tlog7' + 151-47 


the accuracy of whichis +4 kg.cal. 

Niobium—tThe heat of formation of niobium dioxide 
can be derived with an accuracy of about + 5000 cal. 
from the heat of combustion of niobium® and equili- 
brium measurements of the reduction of Nb,O, with 
hydrogen to NbO,.°¢ The value A Ho, = — 193,500 cal. 
is obtained. The entropy of NbO, can be well estimated 
to be 12-7 + 1-5 cal. per degree, and AC, can also be 
estimated. The free energy of the reaction Nb + O,= 
NbO,, viz. : 


AG 298s—2000°K. = — 193,000 + 42-67 


should be approximately correct within + 15 kg. cal. 
Titanium—The heat of formation of titanium dioxide 
is quite well established. There have been two further 
determinations since Bichowsky and Rossini’s collection 
was published. The value of Neumann, Kréger, 


and Kunz? (A Hogg = — 225,000 cal./mole) is probably 
too high. I should prefer the determination by Roth 
and Wolf?!! of A Hy», = — 219,000. Nasu!? has investi- 


gated the equilibrium : 
Ti,O, + H,O = 2TiO, + H, 


Not much reliance can be placed on his results as the 
entropy calculated for Ti,Os is too low on theoretical 
considerations.1* Thus the heat of reaction calculated 
from his measurements is only an approximate value. 
Nevertheless, the heat of formation of Ti,O; calculated 
from these values (A Ho. = — 375,000) agrees closely 
with an estimated value of — 374,000 cal. by Roth.” 
The heat of formation of titanium monoxide has 
not yet been measured. There are, however, some 





* That is, for instance, when there is a great change 
in the number of gaseous molecules when a reaction 
goes to completion. 
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* O. Kubaschewski and K. Reinartz (unpublished), 
Im = 2080 + 70 cal. 
+ G. Grube and M. Flad (unpublished). 
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considerations which allow an estimate to be made. 
Since TiO and Ti,O, are known to be stable compounds 
and since they are formed relatively -asily, the heats of 
reaction of Ti + Ti,O; = 3TiO and TiO + TiO, = Ti,O; 
should be exothermic. That limits the heat of formation 
of TiO to within the range 125,000 to 157,000 cal. In 
addition, Chretien and Wyss!‘ have recently reported 
experiments to reduce titanium dioxide by magnesium 
and calcium. The reduction was complete with calcium, 
but with magnesium it went no further than the com- 
position TiO. It may therefore be assumed that the 
heat of formation of the monoxide lies between that 
of MgO and CaO, i.e., between 144,000 and 151,900 cal. 
Kroll!® also reduced TiO, with calcium to titanium, 
but the small increase in temperature observed by 
Kroll during this reaction makes the difference between 
the two heats of formation small—several thousand 
calories at most. From the above considerations it 
may be deduced that the heat of formation of TiO is 
145,000 cal.; Roth’s estimate of 151,000 is probably 
too high. 

The other data needed for the calculation of the free 
energies of titanium oxides are the entropies and high- 
temperature specific heats. The former are known with 
good accuracy from recent low-temperature C, measure- 
ments of Shomate!* ; the heat capacities have been deter- 
mined by Naylor.}’ Heat capacities of «-titanium 
can be derived, though with less accuracy, from the 
measurements of Jaeger, Rosenbohm, and Fonteyne.'® 
The heat of transformation and the heat capacity of 
$-titanium must be estimated. 

The decomposition equilibria of titanium monoxide 
and dioxide, according to calculation, are represented 
by the formulae : 


2Ti, 2 +0, = 2TiO, |g 
AG29s—2000°K. = — 291,200 — 7-16TlogT + 68-347 

Tig, g + O, = TiO, (rutile) 
AG29s—2000° K. = — 219,400 — 3-46TlogT + 54-157 


The accuracy for TiO, is probably well within + 5000 
cal. ; that for TiO may be subject to an appreciable error. 

Dr. Richardson has told me that his value for the 
heat of formation of TiO is lower than mine; it is 
obvious that this heat of formation requires experimental 
determination. 

Tungsten—The free energy of formation of tungsten 
trioxide in dependence of temperature was calculated 
by Seltz, Dunkerley, and de Witt,!* and must be corrected 
with a very recent determination of the heat of formation 
by Huff, Squitieri, and Snyder.?° Considering this 
and simplifying the AG formula given, the result 


AG 298—1743°K. = — 134,100 — 6-8TlogT + 61-157 


is obtained with an estimated accuracy of -+ 3000 
cal. for the reaction 
gW + O, = #WO; 

Vanadium—I have re-evaluated the heats of form- 
ation of the vanadium oxides on the basis of the publica- 
tions quoted by Richardson and Jeffes, and in Bichowsky 
and Rossini’s summary. The values given by the 
last-mentioned authors are to some extent at variance 
with general knowledge of the relationships between 
heats of formation in a binary system. Using the 
new heats of formation and the other data mentioned 
by Richardson and Jeffes, I have derived the following 
formulae : 


Reaction: 2V + O, = 2VO 
formula obtained : A G'29s—1900° K. = — 209,400 + 35-77 
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Reaction: 4VO + O, = 2V,0,; 


formula obtained : A G29s—1900° K. = — 170,700 + 35-97 
Reaction : 2V,0, + O, = 4VO, 
formula obtained : A G29s—is00° K. = — 103,250 + 34-17 
Reaction: 4VO, + O, = 2V.0; 
formula obtained: A G29s—o43° K. = — 64,480 + 45-67 


It must borne in mind, however, that there are homo- 
geneous phase fields in the system V-O at lower oxygen 
contents which affect the complete reduction to the 
metal, as was pointed out by Dr. Allen earlier in- this 
discussion. 

Zirconium—The heat of formation of zirconium 
dioxide has frequently been determined?! (see also 
reference 3 of the paper), and the value — 258,500 
may represent the actual value within + 1000 cal. 
The standard entropy has recently been determined by 
Kelley, and the molar heat capacity is also known up to 
1400° C.22. Thus the free energy can be calculated in 
the usual manner. Neglecting the transformation 
of zirconium at 877° C., we obtain for the reaction 
Zr + O, = ZrO, : 


A G29s—2000° K. = — 260,300 — 10-157 logT + 77-17' 


There are still some more oxides whose free energies 
could be evaluated with sufficient accuracy, e.g., BeO, 
CeO,, MoO;, ZnO. 


Mr. J. Bergmann (Messrs. Stewarts and Lloyds, 
Ltd.): In a paper published in early 1948, Platon?* 
showed that the enrichment of blast-furnace gas by the 
addition of reducing gases, hydrocarbons or hydrogen, 
was very satisfactory from a thermal point of view 
and resulted in a considerable saving of coke. This, 
of course, is a problem of great practical importance, 
because of the great shortage of suitable coking coals. 
Again, Korobova and Korobov’! tried the deliberate 
addition of steam to the blast, thus introducing hydrogen 
to the blast-furnace gases (of course, with suitable 
adjustment of the blast temperature), so as to yield the 
same theoretical flame temperature as before; again 
it is claimed that this worked very well indeed. 

These matters seem to have a bearing on the subject 
at present under discussion. The question which I should 
like to ask—I do not pretend to know the answer to it— 
is this: From a thermodynamic point of view, or 
perhaps from a kinetic point of view, is it sound to enrich 
the reducing gases of the blast furnace by adding 
deliberately further hydrogen or hydrocarbons to the 
blast, and how would this policy, if it were adopted, 
compare with other work which is on the lines of deliber- 
ately enriching the blast with oxygen ? 


CORRESPONDENCE 


Dr. J. White (Refractories Department, Sheffield 
University) wrote: I am rather surprised that, in 
arriving at the free-energy equation for the reaction 
4Fe,0, + O, = 6Fe,0,, the authors have not apparently 
made use of what are probably the most accurately 
determined high-temperature data in this system. 
I refer to the exceedingly careful determinations of 
the equilibrium temperatures, in air and at 1-0 atm., 
of oxygen by Greig, Posnjak, Merwin, and Sosman,?* 
who give 1388° + 3°C. for the former temperature 
(Roberts and Merwin** earlier gave 1386° + 65°C.) 
and 1452° + 5°C. for the latter, these temperatures 
being in the Geophysical Laboratory Scale (melting point 
of palladium = 1549-5° C.). My own determinations, *’ 
carried out in a somewhat more cursory manner, gave 
1368° C. in air, 1425° C. at 0-49 atm. of oxygen, and 
1450° C. at 1-0 atm. of oxygen, the temperature being 
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measured on the International Scale (melting point 
of palladium = 1555° C.). Plotted on a basis of log.- 
pressure against 1/7’ °K., all these values lie on a straight 
line except my own at 1368° C., which is evidently in 
error. We have, however, recently redeterminied 
this temperature using an oxide sample of rather high 
purity prepared by ourselves (unpublished work with 
R. G. Richards for the British Ceramic Research Associa- 
tion) and agree substantially with the American workers ; 
and, incidently, we confirm their finding that only 
slight solubility of Fe,0, in Fe,O,; occurs. The free- 
energy equation corresponding to the straight line 
drawn through our own and the American workers’ 
data is : 

AG° = — 146,400 + 84-927, 


which is appreciably different from the authors’ equation. 

The dissociation pressures indicated by Walden are 
almost certainly too high ; e.g., he indicates a dissociation 
temperature in air of about 1350°C. This was possibly 
due to gas evolution from, or diffusion through, his 
tubes, as he specifically states that he always recorded 
higher pressures on cooling than on heating. The 
values of White, Graham, and Hay,?* who also used a 
method based on pressure measurement, appear to be 
high for the same reason, although they apparently 
become more accurate at the higher temperatures and 
pressures investigated. 


AUTHORS’ REPLY 


Dr. Richardson and Mr. Jeffes wrote in reply: 
We agree in principle with Dr. Allen’s remarks concern- 
ing the effects of changes in the partial pressures of gases, 
and in the activities, and hence concentrations, of the 
components of solutions. Clearly one can represent only 
a limited amount of data on asingle diagram. The trans- 
parent grid can, however, be used to observe the effects 
of pressure and activity changes, but additional data are 
naturally required to link activities and concentrations. 

Concerning Dr. Allen’s specific example of the iron- 
wiistite equilibrium, the curve in our diagram is not that 
for the hypothetical equilibrium 2Fe + O, = 2FeO but 
that for 2Fe, + O, = 2Fe,0, which corresponds in princi- 
ple with the line CD in his Fig. A. In the particular 
case of FeO, the non-stoichiometry is incidentally all on 
the oxygen-rich side—at 1200° C., for example, it ranges 
from Fe ..,0 to Fe .,,0, but we realize that Dr. Allen’s 
curves are schematic and are not intended to represent 
the actual phase in detail. 

Both Mr. Kerlie and Dr. Dickie have mentioned the 
influence of lime on the P,O; line. In our paper on the 
blast-furnace* we show that lime lowers the P.O; line by 
roughly 65 kg.cal., and so makes it possible for phos- 
phorus to be taken into the slag in basic steelmaking 
processes. 

Concerning Mr. Kerlie’s comments on standard states, 
we quite agree that one can use equilibrium constants, 
defined, for example, in terms of percentage concentra- 
tions, for a particular set of conditions such as the one 
Mr. Kerlie has mentioned of the oxidation of manganese 
into a basic slag. Such constants will hold over a limited 
range. In this case, even though one does not understand 
the exact nature of the standard states, precise standard 
states are tacitly assumed—presumably in this case 1% 
of (MnO) in a basic slag of a fixed V ratio, 1% (FeO) in 
the same slag, and 1% [Mn] in the metal. Such an 
equilibrium constant cannot of course, apply to (MnO) 
and (FeO) in a slag of different overall composition or 
different V ratio, as the standard states of 1% (MnO) and 





* Journal of The Iron and Steel Institute, 1949, vol. 
163, Nov. (in the press). 
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1% (FeO) would be different from those in the first case. 

We welcome the point stressed by Dr. Herasymenko, 

that reactions which involve lower oxides and which 
are not shown in our Fig. 1, may occur in steel- 
making and other processes. We have only been able 
to include oxides for which data exist, so that the curves 
in our Fig. 1 cannot be applied indiscriminately to de- 
oxidation and other problems. 

We believe that there is no prima facie thermodynamic 
justification for the proposal mentioned by Mr. Bergmann, 
for adding steam to the blast to lower the oxygen potential 
of blast-furnace gas and so increase its reducing power 
at lower temperatures. Owing to the complicated 
nature of the factors affecting blast-furnace functioning, 
however, it may well be that the introduction of steam, 
permitting in some cases a higher blast temperature to 
be used (the latter offsetting the heat requirements of 
the ‘ water gas’ reaction which would ensue), would be 
an economical way of introducing some hydrogen into 
the furnace atmosphere. The lowest oxygen potentials 
throughout the furnace will, in any event, be determined 
by the C/O, equilibria, and no improvement can be ex- 
pected on these grounds. On kinetic grounds there 
might be considerable advantage owing to the greater 
reactivity of hydrogen. 

The introduction of hydrocarbons with the blast to 
replace some of the coke is a rather different matter, but 
provided that the coke still makes up the bulk of the 
fuel, the C/O, equilibria are likely to remain controlling. 
Presumably the advantage of this practice would be 
rapidity and ease of control of the bosh temperature. 
The addition of oxygen works slightly against the thermo- 
dynamics of reduction by increasing the limiting maxi- 
mum partial pressure of carbon monoxide obtainable 
at any particular temperature. It has, however, great 
thermal advantages, and permits the attainment of 
higher temperature with correspondingly more favour- 
able conditions for the reduction of oxides. 

Finally, we would like to thank both Dr. Kubaschew- 
ski and Dr. White for calling our attention to new data 
and to material which we have missed in our researches 
of the literature. We have plotted the Fe,0,—Fe,0, 
data cited by Dr. White and believe that it is to be 
accepted above 1200°C. It is, incidentally, fully in agree- 
ment with the latest results of Darken and Gurry cited 
in our Corrigendum. Dr. White’s equation is therefore 
applicable to the reaction : 


4Fe,0, (solid solution) + O, = 6Fe203 (hematite) 


where the Fe,O, contains hematite in solid solution. The 
standard free-energy changes for the hypothetical re- 
action : 

4¥'e,0, (magnetite) + O. = 6Fe.03 (hematite) 


can be calculated from the results of Darken and Gurry 
to be AG° = — 109,000 + 61-87. 

It has been most gratifying to receive such constructive 
criticisms and such useful additional information. The 
authors hope to keep such diagrams up to date, and 
would therefore welcome directly any further corrections 
or additions which may occur to readers in the future. 
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THE LAYOUT OF INTEGRATED IRON AND STEEL WORKS* 
by H. H. Mardon and J. S. Terrington 


Mr. W. B. Baxter (Appleby-Frodingham Steel Co.) : 
I feel that another opportunity ought to be given for a 
full discussion of this paper, because the time for discus- 
sion today is too short for a paper of such importance. 

The authors have dealt with what is desirable in 
the laying out of a new plant, but we should take into 
consideration the existing plants from which they gained 
their information and drew many of their conclusions. 
It would be a pity if this paper were to be studied only 
by those who have entirely new works in mind, because 
there is much which can be applied to existing plant. 

The authors have made drawings of certain features 
of integrated works in this country to show how these 
features have impaired the planning of the layout. 
I am familiar with the layout of works P, shown in 
Figs. 2 to 5 and referred to in Tables I to V. In the 
tables, the authors, whether through inaccurate infor- 
mation or wrong assumptions, have commented 
adversely on these works. In scarcely any instance are 
their criticisms justified. There is one mistake which 
I cannot allow to pass. The authors say that the works 
to which I refer are built on ironstone, but I can assure 
them that the ironstone was removed before any of 
these works were built. 

Two important factors to be remembered in dealing 
with the layout of integrated plant are: (i) The steel 
industry of Great Britain is not a new industry, and it 
is seldom possible to achieve ideal layouts on new sites, 
having regard to all the considerations mentioned in 
the paper ; (ii) attention must be paid to the needs of 
the workers employed in the industry. 

The authors lead up to three main considerations in 
the layout of new plants: (i) A level site, (ii) a straight- 
line arrangement of units, and (iii) railways. A level 
site may be desirable in itself, but the authors should 
not forget that differences in level in a site can sometimes 
be of great advantage when grading railways to pass 
over or under other railways and roads. A straight-line 
arrangement of plant, such as is illustrated in Fig. 16, 
is forced on the authors by the remorseless logic of their 
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own ideas, but we must not be too quick in accepting 
these as a proper basis, even for unit construction. 
To me, they seem to lead to a long-drawn-out, wearisome 
works. With some imagination and a little skill these 
arrangements might be very considerably modified to 
make them work much more smoothly than the authors 
infer. 

I agree with the authors that the construction of 
railways is one of the most important problems concern 
ing the layout of any works, whether new or old, but 
here again I think that the authors have been led to a 
false conclusion when they emphasize the importance 
of tons per mile. A straight line is the shortest distance 
between two points, but it may not follow that it is the 
easiest way to travel that distance, and the authors 
might consider that with benefit to their paper. 

Sir William Larke (British Iron and Steel Federation) : 
The authors have disclaimed any intention to discuss 
the detailed parts of a layout, and in that they have 
been very wise. They have presented us with a 
comprehensive picture of the complete layout, and I 
hope that they, or someone else, will now consider 
layout in detail, and submit papers on such subjects as 
traffic. 

I have seen many seriously uneconomic plans adopted 
as a result of technological enthusiasm uncorrected by 
the factor of their effect on costs. I remember the case 
of an important shipyard where American practice was 
followed, at enormous expense, for plant and structure. 
The result was that it cost them £2000 a year for its 
service to build a ship, which their competitors could 
build for £800 total expenditure for the same service. 
We must always try to act upon the dictum that an 
engineer is a man who can do for £1 what any fool 
can do for £2. 

This paper will be of great value to the management 
of any works if they will review the relativity of one 
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stage of their process to another, in terms of the general 
conclusions reached in this paper. I heard of a very 
efficient steelworks where an engineering consultant dis- 
covered, in the middle of a line of processes, a delay of 
twenty minutes which could readily be removed, and of 
which the management were not aware. Even if the 
layout is satisfactory at the beginning, in the course of 
time, different departments improve their efficiency, and 
some improve it more rapidly than others; as a result 
the work is thrown out of balance and no longer pro- 
duces as much or as efficiently as it might. 

I remember a steelworks where, owing to pressure of 
demand, the output of a cogging mill was successfully 
doubled without a change of plant, but the intermediate 
and finishing departments were not equal to accepting 
the doubled production. It may be asked how the 
designed output of a rolling mill could be doubled. 
In my judgment, in the past at any rate, the factor of 
safety was frequently a factor of ignorance—ignorance 
not so much of an engineering character, but more 
generally of the properties of the materials which were 
used. This is the most important problem of the 
material-producing industries. Much has been, and 
is being done, both by research and the control of 
production processes, and in the design of plant, taking 
full advantage of increasing knowledge of the physical 
properties of materials. 

Major W. R. Brown (Messrs. Ashmore, Benson, Pease 
and Co., Ltd.): The value of this paper is educative, 
because it brings into correct perspective all the main 
points which should be remembered when a new plant 
is planned. It may seem a little disheartening to 
discover that there are so many desirable features which 
a site must possess before it can be devoted to the large- 
scale production of iron and steel, and the paper perhaps 
lays insufficient emphasis on what can be done to 
improve an otherwise unpromising site.- There are 
instances where sites have been largely reclaimed from 
the sea by artificial means. 

It is also, perhaps, an omission not to have emphasized 
how wise it is to improve the site before commencing 
building operations. Capital expended on improving 
the site is capital which bears least heavily on production 
charges, because the work lasts as long as the plant is 
in operation, maintenance is negligible, and amortization 
charges can be spread over a great number of years. 

The authors seem a little awed by the possible expen- 
diture in preparing a new site, and yet advocate the 
acquisition of quite large acreages against future develop- 
ments, pointing out how blast-furnacemen in the past 
had failed to provide for the advent of the steel plant 
and rolling mills. I think that today also it is impossible 
to anticipate the unknown ; the task is to arrange for 
a twentieth-century, modern, integrated iron and steel 
plant, and it is not possible to cater for anything beyond 
that. 

The paper speaks of locating the plant with access to 
raw and other materials, to present and future markets, 
and to labour, power, and water supplies (page 328). 
That may seem to narrow down the field of selection, 
but if ‘materials > mean world supplies, and ‘ markets ’ 
mean world markets, the field of selection becomes 
much larger. A lesson may, perhaps, be learnt from 
the converse in our country, where certain plants 
many years ago, were closely identified with some 
particular raw material found on the spot ; in several 
cases that raw material is now extinct, and so the plant 
is left without that single advantage which it had 
originally. The location for an iron and steel works in 
Britain might be anywhere where main traffic routes 
pass or intersect. A plant on the Dutch coast may be 
an example of how a position not particularly identified 
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with any immediately adjacent raw materials can, 
nevertheless, provide the location for a successful plant. 

In the layout of a plant it is very helpful to get road 
traffic into every conceivable place. A 5-cwt. electric 
motor should not be carried to the maintenance shop 
by a 5-ton locomotive crane; it could be picked up 
by a small lorry without loss of time, and without 
interference to rail traffic. 

The first essential to the layout must certainly be to 
know the materials that are to be used. That informa- 
tion is not always forthcoming, especially in the works 
that have access to materials from all over the world. 
It is difficult to plan the handling of materials when 
some are sea-borne and some rail-borne, some are soft, 
friable and plastic, others are hard and dusty, and the 
proportions in which they come are never consistent. 
This requires very flexible plant which cannot be used 
with the same stream-lined efficiency as one designed 
for a more straightforward task. 

I can refer to an overseas example where all the 
materials come from one mine of rich ore. A prepara- 
tion plant, consisting of primary crushing, secondary 
crushing, wet screening, bedding, and concentration of 
fines, is being installed at the mine. The materials will 
arrive at the blast-furnace plant in 50-ton hopper 
wagons, in the form of 2-in. lumps, 1-in. lumps, and 
concentrated fines. To devise means of handling such 
material is absolutely simple. Trains can _ proceed 
straight to the highline, dump the materials into furnace 
bins or sinter-plant bins, and the surplus into stock. 
Every departure from the ideal I have described must 
complicate the problem of laying out blast-furnace 
plant and the materials-handling plant ancillary to it, 
and the authors’ diagrams must be taken as symbolical 
rather than as a true representation of what one would 
find. Their plans might serve for a simple range of 
supplies, but the problems at most of our works call 
for plant of a far more complex nature. 

The more the supply approaches the ideal, the more 
use can be made of a ramp approach to the highline 
over the bunkers ; the trains of ore can be taken straight 
up and the materials dropped into their appropriate 
bunkers, or into stock. The last wagon of a train must 
often be emptied into the furthest bunker, so a run-out 
of some kind is required ; that may just as well be a 
return ramp to ground level. 

It is said, on page 328, that the ramps encumber the 
site. In most of the illustrations in Fig. 17 it would 
be quite easy to instal] ramps with gradients not exceeding 
1 in 60 to 1 in 80 without interfering with any other 
feature of the plant. If dependence is placed solely 
upon tippers, there is a tendency to discourage the 
introduction of larger wagons in the iron-ore trade, 
because it would mean the alteration of installations. 

I do not quite agree with the authors in dismissing 
the arrangements of cast-houses other than in line ; 
there are good examples of other arrangements. I also 
join issue with their recommendation for a common 
cast-house between two furnaces. Although at first 
sight it seems less costly, the saving is more than offset 
by the extra chimney and passenger lift that are not 
needed when the stoves, instead of the cast-house, are 
placed between the furnaces. It is no simple affair to 
arrange a common cast-house so that any group of 
ladles can be withdrawn (in the correct direction) 
without interfering with other ladles standing in place. 

Mr. E. R. 8. Watkin (Appleby-Frodingham Steel Co.) : 
It seems that the layout shown in scheme 2: 6a in Fig. 17, 
based on a ladder with rungs at 45°, is the theoretical 
basis of good planning. Preferably, one side of the 
ladder should be concerned with main-line inward and 
outward traffic, and the other side with inter-depart- 
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mental connections, supplies from local sources, and 
outlets to slag or rubbish tips. The worst type of layout, 
often encountered, is that based on the shape of a 
fan. 

Exercises with ‘ green field’ plans reveal useful 
principles which may be applied sectionally in unsym- 
metrical plants. Complete application is improbable, 
as the existence of a plant is normally based on some 
fixed local feature, such as a dock, an ore-field, or the 
nucleus of an existing works. The overriding principles 
of layout should be simplicity and compactness, which 
should not be sacrificed to perfection of other features. 

Two main principles of detail are that areas used by 
different locomotives for marshalling and shunting 
purposes should be separate, by at least a train length, 
and that all sidings used for related traffic should be 
arranged for shunting by locomotives working at the 
same ends of their trains. Short coincidence of through 
running routes is no great disadvantage, as heavy ton- 
nages can pass with brief line occupation. Where 
routes do converge there is no further disadvantage 
if the loaded movements, each associated with a reverse 
flow of empties, are in opposite directions. Rigid 
segregation of traffic routes may be a disadvantage as it 
leads to a rigidity of locomotive duties. In general, it is 
cheaper to provide the supervision for an organized 
traffic service, rather than tracks and locomotives for 
restricted uses. 

The suggested 600-ft. track radius tends to elongated 
routes and a spread-out plant. It is reasonable to make 
some use of 470-ft. (1 in 7 crossing) or 340-ft. (1 in 6 
crossing) for special trackwork, with a minimum or 
300-ft. on plain route. Track connections should 
be based on simple turn-outs, avoiding diamonds, slips, 
tandems, or three-throws. Alternative emergency routes 
should be provided, particularly for slag and metal. 
over tracks normally used for other purposes. Double 
running tracks are required only on steep inclines where 
trains cannot restart, alongside weighbridges, as passing 
points in long single sections, or in the densest traffic 
areas. In dense areas each track is usually used in 
both directions for different purposes, up and down 
working being impracticable unless every siding is 
provided with multiple connections. 

The paper advocates reception sidings near the main 
line, plus holding sidings at the plant destination, but I 
would prefer a triple division into reception near the 
main line, plus a group of surge sidings not far away, 
plus a working reserve at each destination. This has 
the advantage that part of the capacity, clear of recep- 
tion, is a common reserve for different materials, accord- 
ing to daily conditions. Further, it allows a sudden 
excess of material to be stood aside with minimum 
effort, when there may not (and should not) be surplus 
locomotive power to handle abnormal quantities over 
the full distance to destination. 

Siding capacity is essentially linked with that of plant 
storage. Many works now have very adequate provision 
for blast-furnace ore and some other items, but few 
provide adequately for the full range of materials 
concerned. Storage of lesser materials at destination is 
often limited by fixed unloading capacity, or a tendency 
to maintain conventional stocks, and there is a common 
need of a general storage centre. This should be near 
the main reception point and mechanized to handle 
excesses of different materials rapidly, at a cost justifying 
short-period storage. With such auxiliary facilities it 
should be possible to limit the sidings for inward material 
to capacity for the free wagon standage, equal to con- 
sumption for an average of one and a half days (week 
and weekend), and a maximum of, say, three days. 
This maximum should be divided between reception, 
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general surge capacity, and single-purpose sidings at 
destination in approximately equal proportions. 

The President (Sir Andrew McCance, F.R.S.): I am 
sorry if some people who may have come specially to 
discuss this paper have been precluded from doing so 
by lack of time, but I have noted Mr. Baxter’s suggestion 
that this is a subject of vital importance to the whole 
industry and deserves further discussion; at a later 
date we must try to arrange another meeting for this 
purpose. 


AUTHORS’ REPLY 


Mr. Mardon and Mr. Terrington wrote in reply: 
The assessment of tons per mile enabled us to extract 
some interesting figures to form a basis of comparison 
between the various works, and we fully appreciate that 
this is not necessarily the sole criterion, and that the 
ultimate value of the layout must be judged by its ease 
of operation. 

In the layouts suggested, an attempt has been made 
to set out as exhaustive a number of variations as prac- 
ticable, but any variation which might result in an 
improvement in operation would be welcomed. The 
paper may be regarded as an introduction to the subject. 
It was only practicable at this stage to deal with general 
principles, so that the matter of the improvement of 
existing sites must be the subject of a separate inves- 
tigation. 

The question of extensions will remain a vexed subject, 
as it will always depend on individual opinion to decide 
how far attempts should be made to visualize future 
development. 

In regard to the points raised by Mr. Baxter, it was 
intended that the desirable features set out in the 
paper for new works should be applied as and where 
practicable when altering or extending existing works. 
The paper attempts to sketch the complete problem of 
the layout of works and this inevitably involves a mass 
of detail, some of which is bound to be controversial. 
We would welcome any correction which the various 
companies feel should be made. 

We did not wish to infer that works P had been built 
in workable ironstone, but that it had been built in an 
ironstone area, with a firm subsoil. 

Although comparable figures for haulage had been 
evaluated for the various works, we agree that the ease 
of operation of the works is the ultimate aim. 

We endorse Sir William Larke’s remarks on the need 
for further detailed studies, especially in regard to traffic 
analysis, and a report on this is shortly to be published 
by the Plant Engineering Division of B.I.S.R.A. We 
trust that works managements will view the paper as 
a whole and, as suggested, review the relation of one 
process to another in their own works in the light of the 
general conclusions of the paper. 

Major Brown’s assessment of the paper as a contribution 
to the subject as a whole is appreciated. The pro- 
portionate and relative costs of developing and improving 
sites should receive the closest attention. The question 
concerning the provision which must be made for future 
development must inevitably remain a matter of indivi- 
dual opinion. 

The consideration of world supplies and world markets 
emphasizes a somewhat wider issue than was considered 
in the paper, The comparatively local problem of 
markets in this country needs careful consideration, 
because evidence exists of one plant in particular which 
is being eliminated owing to its location. The necessity 
for road access within the works is fully appreciated. 
The complex nature of ore reception and treatment is 
understood, but the authors feel that some typical 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


c* 








156 DISCUSSION ON DRY-COKE COOLING PLANTS 


layouts for the principal methods of treatment should 
be recorded. The question of raising locomotives and 
trains over the highline should, it is felt, receive more 
consideration in regard to expenditure of energy. 
The relative advantages of different arrangements of 
cast-houses are noted with interest. 

We were glad to have Mr. Watkin’s opinion on which 
of the layouts would be the most efficient. The appli- 
cation of broad principles, as revealed by typical layouts, 
should be introduced as far as practicable in existing 


works, and we welcome suggested requirements for track 
layout. The alternative grouping of sidings, also sug. 
gested by Mr. Watkin, should receive the closest considera. 
tion. We agree that siding storage capacity must be 
related : (a) to operation, and (6) to the layout of sidings 
and plant. J 

In conclusion, we would again liké to express our 
thanks to those who were good enough to contribute 
to the discussion, and it is hoped that time will be found 
in the near future for a further discussion on this subject.* 


*A furthur discussion on ‘* The Layout of Integrated Iron and Steel Works ”’ will take place at the 


Eleventh Meeting of the Iron and Steel Engineers Group, on 14th December, 1949. 


Full details will 


be given in the News Section of the November issue of the Journal. 


Correspondence on the Paper— 


THE APPLICATION OF DRY-COKE COOLING PLANTS TO 
INTEGRATED IRON AND STEEL WORKS* 


by L. H. W. Savage and A. V. Brancker 


Mr. F. Pearson (Ford Motor Co., Ltd.) wrote: I am 
disappointed that the authors have not definitely 
advised whether or not the dry cooling of coke should 
be universally adopted. 

It was surprising to read that the system is ‘‘ techni- 
cally operable provided there is a high standard of 
maintenance’; I do not agree with the inference 
that maintenance is heavy. The authors are aware— 
having visited Dagenham and seen our plant after 
fifteen years of continuous service—that our heaviest 
maintenance is due to the quality of water that we 
must use; this is exceptionally hard and ‘carries the 
maximum amount of oxygen possible, which must be 
extracted. At first we had a lot of trouble, but after 
many alterations the plant is a good sound job. Our 
South unit was out of action for annual boiler inspection 
in May, 1948, and the North unit in November, 1948, 
since when, charging has been continuous and the 
fans have never stopped. 

The authors have written much on boiler efficiency, 
and have made comparisons between our system and 
that of other waste-heat and fuel-fired boilers. They 
do not deny that in every ton of hot coke discharged 
from a coke oven there is a potential heat value which 
will provide just over 1000 lb. of steam at 180 lb./sq. 
in. At Dagenham, on our present coke output this is a 
definite saving of 12,000 tons of steam coal per annum ; 
surely that is something that cannot be overlooked ? 

Steam is essential at all plants, but the authors suggest 
that, on some plants, if this heat were recovered it 
might lead to wastage of other fuels. Surely it is 
possible to fit this steam production into the general 
steam system ? 

The authors have made theoretical additions to the 
steam costs which I gave them, but even with these 
additions, there are few plants producing steam at a 
cheaper rate. If they had presented some actual figures 
of costs of other plants a true comparison could -+have 
been made. Steam-raising costs are sure to be coupled 
with actual capital costs, and it is these latter costs 
which arouse most interest and controversy. 

The authors have quoted estimated capital costs 
which, for the bunker type, are far too high. In 
November 1948, while our North unit was out of action 
for annual boiler inspection, the South unit effectively 
cooled the output from 60 ovens, at a rate of just over 
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600 tons per day. Using the authors’ figure of present- 
day cost, £140,000 for two bunkers, a plant comprising 
four bunkers (three in use and one as a standby), could 
deal with 1800 tons of coke for a cost of £280,000. From 
this figure must be deducted the cost of a wet-quenching 
station and coke wharf, which at present-day prices 
would be about £50,000 ; therefore, for a cost of £230,000 
at least 1800 tons, or if the need arose 2400 tons, could 
be dry-cooled per day. This figure is much more accur- 
ate than that quoted by the authors, because it is 
based on facts, not on assumptions. Our plant, built in 
1931, was experimental and had many useless fittings, 
since discarded, all of which raised the cost; taking 
that into consideration and its fifteen years of operation, 
I believe that plants could be built much more simply 
and for less than the figure which I have quoted. 

The authors say that work published does not support 
the view that dry coke is better, physically, than wet- 
quenched coke. They quote statements made by the 
Northern Coke Research Committee, that the circu- 
lation of gases does not influence the size or the strength 
of coke. We have repeatedly disproved this theory. 
Frequently, samples of coke have been taken from 
the top of our containers when the unit has been cooled 
off; this coke is cooled by gases but is not broken by 
passing through the system, and in every instance, the 
dry coke had a far better shatter test than wet-quenched 
coke. In my paper of November, 1946, I quoted 
comparative figures for dry and wet-quenched coke, 
showing 84% of over 1}-in. screen for the former, and 
90% of over 1}-in. screen for the latter. The authors 
lay stress on this and assume a loss of 6%, and therefore 
state that any saving that I claim at the blast-furnace 
is offset by this loss. But these figures are not truly 
comparative in the way that they use them. The dry 
coke had travelled through the cooling chambers and 
had received much buffeting, whereas the wet coke 
had simply been dropped on to the cooling bench. 

I will try to clarify these two very important points : 





* Journal of The Iron and Steel Institute, 1949, vol. 161, 
Feb., pp. 103-117. 

+ Paper presented to the Northern and Southern 
Sections of the Coke Oven Managers Association, Novem- 
ber, 1946, p. 9. 
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Coke Size 

The aim must be to obtain from a given quantity of 
coal, the maximum amount of coke of a size suitable 
for use in a blast-furnace. 

Accurate comparative figures are difficult to obtain, 
since some users weigh the coke, and others calculate 
from the coal charged to the ovens, and various other 
methods of guessing are adopted. I have studied several 
plants and the following are the most reliable figures 
for comparison : 

Consett—Here they have the same make of ovens as 
ourselves. They carbonize practically the same type of 
coal and operate on the same coking time. All coke 
over j-in. screen is used in their furnaces, and averages 
80% of the total coke produced. 

South Wales—Here they have a good coking coal 
but with a much lower volatile content. All coke over 
j-in. screen is charged to the blast-furnace and averages 
86%. The oven is 2 in. wider, and the coking time is 
over 3 hr. longer. 

Dagenham—During the last six months, although 
our coke used at the furnace is over 1 in.. it has 
averaged 87° of our total coke produced. Further, 
all the coke sent to the blast-furnace bins actually goes 
into the furnace, whereas, at the other two plants 
mentioned, the breakage of coke in transit is such that 
it must be finally screened at the bottom of the bins 
before the skips are loaded. 


The coke screened out amounts to 14% at Consett and 
10% in South Wales ; assuming that both furnaces are 
burning 500 tons/day, as we are, then Consett screen out 
70 tons/day and the South Wales plant 50 tons/day. 
The cost of screens, maintenance, loss of output at the 
furnace during screen repairs, and rehandling and screen- 
ing of all this material should be calculated, and offset 
against the cost of dry cooling. 


Coke Quality 


All the known tests show definitely that dry coke is 
superior to wet-quenched coke, and it would be a waste 
of time to pursue this matter. 


The authors query my claim as to the amount of 


coal saved; they set out comparative figures, and 
underneath state that “in view of the assumptions made 
the saving may not be significant.”” The following are 
their figures as I see them: 
Dry Wet (Calculated to Dry) 

Coke per ton of iron 1646 Ib. 1773 Ib. 
Coal used per ton of 

iron - a 2492 Ib. 
(1-112 tons) 


2415 Ib. 
(1-078 tons) 
Coal used (assuming 600 
tons of iron per day) 
Cost of coal at £3 per 


646-8 tons 667-2 tons 


DOM tes sks ... £1940 £2002 
Coke available for sale 
per ton of iron 189 lb. 121 lb. 


At 600 tons per day 50-6 tons 32-4 tons 
Assume 75% of nuts at 
£3, 25% of breeze at 
£1 (average £2 10s.) 
Therefore actual cost of 
coal per day £1813 10s. 
Net saving perday ... £117 10s. 
Saving per year ... £42,887 10s. 


£126 10s. £71 


£1931 


What sum do the authors think should be saved per 
day before it becomes significant ? 

Mr. Donald Bagley (Donald Bagley, Ltd.) wrote : 
I find no direct reference to the crucial point of the 
problem, viz., the loss of coke carbon in the process 
of coke cooling by circulating gas. Assuming that both 
top and bottom doors are removed about ten times 
during the passage of a charge, there must be some loss 
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of carbon-containing gas, and if this is taken to be 5%, 
of the volume circulated during the period (assumed 
as 2 kg. of gas per kg. of coke), a figure in fair agreement 
with blast-furnace practice, approximately 20 kg. of coke 
per ton treated are lost, equivalent at current rates to 
14d., and the best status exhibited for the 750-ton 
plant becomes a slight loss. 

It is probable that my estimate of the circulating- 
gas loss is inaccurate, but as this is vital, I suggest that 
the authors should extend their enquiries and give 
some data practically ascertained. As regards the 
return on the investment, based upon full capacity, 
11% would not be attractive to any company, for, as 
the authors indicate, at 70% capacity the net revenue 
falls by 75%. 

In regard to the coke rates at Dagenham and at 
Colvilles, giving a full credit of 127 lb. of coke per ton 
of pig iron at the former implies a corresponding reduc- 
tion in top gas, and other fuel must be consumed to 
balance the deficit. Naturally, reduced blower power 
and stove gas—as also gas-cleaning costs—may be 
credited ; nevertheless, these savings would be very 
small. 

I have endeavoured to calculate the loss of carbon 
between the ovens and the wet-quencher station, by 
assuming an active layer of air, 25 mm. in breadth, 
firstly, as the coke is discharged as a mass from the ovens, 
secondly, as it disintegrates and drops into the coke 
car, and thirdly, during the passage of the coke car to 
the quenching station. The results are admittedly 
liable to several errors, and more systematic research 
may yield different results. However, I obtained a 
loss equal to about 1-3°% of the coke,.which seems high. 
In the bunker system of dry cooling, losses during coke 
discharge from car to skip, elevation of skip to bunker 
inlet, and discharge of skip to bunker, must be added, 
amounting to 0:87% by the computaton referred to. 

The evolution of a system to reduce air contact and 
prevent breakage is in the planning stage at the moment, 
and I will merely say that we propose to resort to other 
media for circulating gas, thus avoiding loss of coke 
carbon, and, as we employ radiant-heat tubular stills, 
the steam-raising unit cai be reduced or dispensed with. 

If breakage in treatment is minimized, then economy 
is promoted at the coking-coal end, and is positive. 

As the authors state, the transfer of heat from irregular 
solids to gaseous matter should receive more considera- 
tion, and in my view, the blast-furnace constitutes one 
model for the bunker or cooling cell. Over a period of 
forty years many coke-cooling systems have appeared 

and disappeared—and the standard modus operandi 
with water-quenching prevails. Nevertheless, the loss 
of 15 therms per ton of coke represents, at current 
rates, nearly £2 millions sterling annually to the British 
iron and steel industry, and approaches £4 millions for 
the coke industry as a whole. 


AUTHORS’ REPLY 
Mr. L. H. W. Savage and Mr. A. V. Brancker wrote : 


In reply to Mr. F. Pearson, most managements will agree 
that a high standard of maintenance keeps down costs ; 
the shutting-down of some small dry-cooling plants in 
this country does appear to have been influenced by in- 
adequate maintenance. 

It has been pointed out in the paper that in the major- 
ity of the integrated works the saving of fuel for steam 
raising will be mainly in terms of by-product blast-furnace 
gas, and not in terms of imported steam coal. 

The capital costs given were kindly provided by the 
plant manufacturers as the best approximations possible 
for hypothetical coke production rates. 
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In connection with samples taken from the top of the 
container, Mr. Pearson does not state whether the screen 
analysis also differed from that of wet-quenched coke. 
The dry-cooled coke will have had an additional fall of 
15-20 ft., which should have caused some breakage and 
increase in shatter index. It would be of great interest 
to know how the screen analysis and shatter index of 
these samples compared with those of the coke delivered 
from the bottom of the cooler. In view of the many 
differences that may exist between one plant and another 
it is difficult to estimate the significance of the comparison 
given by Mr. Pearson. A direct comparison of the screen 
analysis and shatter index of wet-quenched and dry- 
cooled coke as charged to the blast-furnace skip at 
Dagenham would be of far greater value. 

Mr. Pearson, in his paper, suggested that the saving in 
coking coal at Dagenham was 297 tons per week, amount- 
ting to 167-5 lb./ton of iron, which he thought was not all 
due to dry coke. Looking at the basic figures from a 


different angle, the authors suggested this would be not 
more than 77 lb./ton, which is only of the same order as 
the normal variation in coke rate from month to month, 
and may not be a significant difference. 

In reply to Mr. D. Bagley, if the circulation in a bunker 
plant is practically stopped by means of a butterfiy 
valve whenever the container is opened, the volume of 
gas lost will be little more than the volume of coke 
charged. Mr. Pearson, in his paper, has quoted figures 
for actual coke yields which indicate that carbon loss 
from all sources, including combustion, is no greater than 
that entailed by the normal wet-quenching process. 

It has been suggested that the hypothetical higher wet- 
quenched coke rate for Dagenham would coincide with 
increased breeze production in the furnace. Nobody 
appears to be certain what happens to small coke and 
breeze in the blast-furnace, and, accordingly, no attempt 
has been made to assess what changes in gas yields or 
quality may result. 





HistoricAL Note No. 14 


English Iron Trade with Iceland in the Fifteenth Century 


By Dr. H. 


n the early fifteenth century Iceland’s only link 
with the outer world was her trade with England. 
The principal occupation of the inhabitants was 

cattle-breeding and fishing. Mainly wool and salt 
stockfish were exported in exchange for cloth, 
wheat, beer, iron, and ironware. This is reflected in 
a trade agreement between the Icelanders and the 
English merchants visiting Iceland, made in about 
A.D. 1420.) 

It is of interest that the goods bought and sold 
were not prized by a monetary standard, but by 
the value of cows and fish, eighty fish of the average 
weight of two pounds being equal to the value of one 
cow. Three barrels of wheat, four barrels of beer, 
twenty-four yards of good cloth, three ells of broad- 
cloth, and one cask of iron (containing four hundred 
pieces of iron) were each equal to the value of one 
cow. Iron horseshoes for five horses were considered 
equal to twenty fish. Among the goods exported 
from England to Iceland were knives, but fixing 
their prices was left to special agreement, probably 
because of the differences in size. 

The agreement ends with an admonition to both 
parties : 

“ And now, good men, let us keep away from 





Manuscript received 31st December, 1948. 
Dr. Schubert is Historical Investigator to The Iron and 
Steel Institute. 


1 British Museum, Add. MS. 11250 No. 405. The 
author is indebted to Mr. Bernard Johnson. Honourable 
Archivist of the Merchant Adventurers at York, for 
supplying an English translation of the Icelandic 
agreement. 
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all wiles and wickedness, from disquietude and 

disturbance. Let each man be the other’s friend, 

guilelessly.”’ 

In the beginning of the fifteenth century, English 
trade to Iceland was mostly confined to Scarborough 
in Yorkshire. The importance of the town’s shipping 
is mirrored in a thirteenth-century seal of the Borough 
of Scarborough which shows a ship. 

The iron sent to Iceland by John Lyllyng, a York 
merchant in about 1422, probably went via Scar- 
borough.? 

From about 1424, Bristol merchants began to 
compete with Scarborough’s trade to Iceland. 
Consequently, English shipping to Iceland soon 
increased to such an extent, that the vessels could 
not obtain freights.* 

This flourishing trade was soon greatly impeded 
by a decree of the King of Denmark, who insisted 
that such trade should be carried on through Bergen, 
in Norway. To please him, the English King accord- 
ingly prohibited direct trade. Despite such prohibi- 
tions Bristol merchants continued to send goods to 
Iceland. We know of two different proceedings in th: 
Court of Exchequer in London, in 1436 and in 1450, 
against Bristol merchants sending ships to Iceland 
direct, iron being among the goods exported.‘ 


2M. Sellers, ‘*‘ The York Mercers and Merchant 
Adventurers,’ Publications of the Surtees Society. 
1918, vol. 129, p. xiv, Durham and London. 

3 J. B. Baker, ‘*‘ History of Scarborough,” p. 325. 
London, 1882. 

4K. M. Carus-Wilson, ‘‘The Overseas Trade of Bristol! 
in the late Middle Ages,’’ Publications of the Bristo! 
Record Society, vol. VII, pp. 65-68, 87-91, Bristol, 1937. 
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Experiments with Small Ingots of Rimming Steel 


By D. Binnie, B.Sc., Ph.D., A.R.T.C., FILM. 


SYNOPSIS 


Ingots of rimming steel, up to 3 cwt. in weight, were teemed into hematite moulds, copper moulds, and 
into moulds partially lined and fully lined with refractory material, with the object of comparing the effect of 


chill and refractory lining on the rimming action. 


The opening section of the paper confirms the validity of using these small ingots for the study of the 


rimming action. 


It was found that refractory-lined moulds reduced the depth of the rim to about one-half that obtained 
when chill moulds were used. The chemical analysis of the rim was purer, and the core analysis was also 
purer and steadier, when refractory-lined moulds were used. Hematite moulds and copper moulds gave no 


appreciable difference in the depth of the rim. 


Chemical analysis shows that the refractory-lined mould is to be recommended in preference to the iron 
mould in general use for the manufacture of rimming steel. 


Introduction 


HIS paper describes experiments on the mechanism 
of the rimming action in steel. Dr. Swinden and 
his co-workers drew certain conclusions from the 

rimming action using ingots made in an 18-lb. labora- 
tory furnace,! while Hultgren and Phragmén worked 
on ingots of 36 to 54 in. height, or about 7 to 14 
ewt. in weight.? 

The present series deals with ingots teemed in 
moulds of 25} to 27 in. height, and weighing 3 ewt. or 
less, according to the particular experiment under- 
taken. In all instances the ingots were teemed about 
two-thirds of the way through the teeming of the 
charge from a 90-ton basic open-hearth furnace. The 
teeming speed into the small moulds was reduced as 
far as was practicable to keep the time required to 
fill the small moulds within reasonable limits. No 
aluminium or other addition was made to the steel 
in the mould. A rimming action invariably occurred 
which, with these small ingots, generally lasted five 
minutes. The action was quiet and the ingots did 
not require plating. Mould dressings were not used. 

Experiments are described when one, two, or four 
walls of the rectangular mould were lined with refrac- 
tory material, and tests are also recorded where only 
a limited height of the mould wall was lined with this 
refractory material. The refractory walls were made 
by cementing-in with fireclay cement precast blocks, 
about 1 in. thick and made to fit the inside of the 
mould. The moulds with the refractory lining were 
then heated to a good red heat and cooled to room 
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temperature before despatch to the teeming bays. 
Rimming steel ingots were also examined after teem- 
ing into small copper moulds and hematite moulds 
of the same dimensions. A 3-ton partner ingot to 
each set of experimental small ingots was examined 
in bloom form by making a cut from the middle 
portion of the cogged ingot. 

Throughout the series, for taking the representative 
‘pit’ sample, a copper pot containing 10 g. of 
crumpled aluminium wire was used instead of the 
usual hematite pot. 

The dimensions of the moulds are shown in Table I. 


EXPERIMENTS ON CAST 6525 
In this series of tests a 3-cwt. ingot wide-end up, 
and also one narrow-end up, a l-ewt. ingot, and a 


Table I 
DIMENSIONS OF RECTANGULAR INGOT MOULDS 
Nominal 
Wide End Narrow End Weight of 
Outside, Inside, Outside, Inside, Height, Ingot from 


Mould in. in. in. in. in. Mould 
A 10 8} 8} nm. 2 3 cwt. 
B 12 8 93 74 254 3 ewt. 
Cc 74 6 6 5 18 1 cwt. 
D 30 22 28 20 72 3 tons 





Paper SM/B/100/48 of the Steelmaking Division of 
the British Iron and Steel Research Association, received 
15th March, 1949. The views expressed are the author’s 
and are not necessarily endorsed by the Committee as 
a whole. 

Dr. Binnie is Chief Metallurgist at the Lancashire 
Steel Corporation, Ltd., Irlam, Lancs. 
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Table II 
EXPERIMENTAL TEEMING DETAILS 
CAST 6525 
Weight of Mould Size Teeming 
Ingot (Table I) Time, sec. Remarks 
3 tons D 85 Free effervescence, 
Narrow-end up ingot plated after 
16 min. Ingot rose 
3 in. 
3 cwt. A 20 Rimmed quietly for 
Narrow-end up 5 min. Ingot 
weight 335 Ib. 
3 cwt. A 30 Rimmed quietly for 
Wide-end up 5 min. Ingot 
weight 324 Ib. 
1 cwt. Cc 25 Rimmed quietly for 


5 min. Ingot 
weight 104 Ib. 


Wide-end up 
partner 3-ton ingot, in bloom and billet form, were 
examined. Teeming and other details of these ingots 
are described in Table IT. 

Detailed examinations of the 3-cwt., wide-end-up, 
ingot and also of the bloom from the 3-ton ingot 
were made in order to compare their rimming actions, 
and so to establish the validity of using 3-cwt. ingots 
as a means for studying the rimming action in steel. 

Ladle Additions—5 ewt. of 80% ferro-manganese ; 
15 Ib. of aluminium (none to moulds) 


Tapping Slag 
0 


oO 
Silica 10-16 
Alumina 1-15 
Lime 50 -20 
Magnesia 6 -20 


Manganous oxide 
Phosphoric oxide 


6-01 
6-06 


Sulphur 0 -288 : 
Ferrous oxide 12-80 ee 
Ferric oxide 7-14 ihn 


Pit Sample (weight 33 oz.), Using a Copper Pot 
o/ 
/O 


Carbon 0 -076 
Silicon 0 -004 
Sulphur 0 -031 
Phosphorus 0 -016 
Manganese 0 -350 
Nickel 0-145 
Chromium 0-040 
Copper* 0°154 


* The copper analysis was made on a sample caught in a hematite 
pot. 


A sulphur print from the 6-in. bloom, cut from the 
middle portion of the rolled 3-ton ingot, is shown in 
Fig. 4. Figures 5 and 6 are sulphur prints of the 
3-cwt. ingots, narrow-end up and wide-end up, and 
the 1-cwt. ingot is shown in Fig. 7. 

Figures 5 and 6, and possibly Fig. 7, have similar 
features. The rim-core junctions are distinct, rim 
channels are present throughout the rim zone, and the 
cores show blow-holes and blow-hole segregates. In 
these respects the sulphur prints are similar to those 
from larger ingots. The blow-holes and the blow-hole 
segregates are much the same size as in the normal 
commercial ingots of 3 tons or so, the smaller ingots 
appear therefore by comparison to be more blown 
than the large ingots. In the upper portion of the 
core segregate the sulphur prints are progressively 
darker on passing from Figs. 5 and 6 to Fig. 7. No 
rim cap is exhibited but, especially in Figs. 5 and 6, 
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A Micrographs etc. 

Gas determinations 
C Chemical analysis 


Fig. 1—Position of cuts for examination. Cast 6525, 
3-cwt. ingot 


there is a tendency for the rim cap to form, the rim 
zone turning in over the core at the top end of the 
ingots. In the small ingots from this cast, rim blow- 
holes, such as are seen in the lower ingot positions of 
taller ingots, are present, if at all, only at the extreme 
bottom of the ingot adjacent to the base plate. Some 
subsequent small ingots, however, showed rim blow- 
holes at the bottom of the ingot adjacent to the base 
plate and also along the vertical rim, as are found 
in larger ingots. 
Detailed Examination of the 3-cwt. Ingot, Cast 6525, 
Teemed Wide-end Up 

The half ingot used for the sulphur print, Fig. 6, 
was cut for chemical analysis, macro- and micro- 
examinations, and for gas determinations. Figure 1 
is a sketch of the actual cuts. 
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Fig. 2—Chemical analyses of 3-cwt. ingot. Cast 6525 
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Table III 
GAS CONTENTS 


Sample 


A, pit sample 
B, ingot samples 
(a) Cut 6, Fig. 1, } from bottom (i) mid rim 
(ii) mid core 
(6) Cut 3, Fig. 1, 4 from bottom (i) mid rim 
(ii) mid core 
C, bloom sample, (i) mid rim 
(ii) mid core 


Carbon, %, Oxygen, % Hydrogen, Nitrogen, % 
0-08 0 -023 0 -00015 0 -0025 
0-04 0-008 0 -00005 0-002 
0-08 0-014 0 -00015 0 -0035 
0-045 0 -0125 0 -00015 0-002 
0 -06 0 -040* 0 -00070* 0 0025 
0-05 0-007 0 -00005 0 -002 
0 -07 0-015 0 -00010 0 -0035 


* Sample very porous, impossible to ensure complete freedom from contamination. 


The chemical analysis was determined from the top 
third and the bottom third of the ingot, from millings, 
taken +; in. at a time, on a vertical slice, 22 in. long, 
cut midway between the corners. 

The analyses, shown graphically in Fig. 2, are 
typical of a rimming steel. At the rim-core junction 
at the top third of the ingot there is the usual sharp 
rise in carbon, sulphur, and phosphorus, and the 
usual flattening of the rim-core analytical varia- 
tions in the sample cut from towards the bottom 
end of the ingot. The distance between the top cut 
and bottom cut in this small ingot is 12 in., so the 
flattening of the rim-core analytical variations is 
rapid compared with similar changes in a 6-ft. ingot. 

Figure 3 shows analyses from the bloom cut from 
the middle of the rolled 3-ton ingot. The analytical 
fluctuations are similar to those in the top-third cut 
of the 3-cwt. ingot. The carbon falls to 0-033 or 
0-036% and rises to 0-08% in the core, in the bloom, 
and in the top cut of the 3-ewt. ingot. In the analyses 
given in Figs. 2 and 3, carbon and sulphur were 
examined in more detail than phosphorus and man- 
ganese, and the peaks are therefore sharper. 


Gas Determinations 


Analyses for oxygen, nitrogen, and hydrogen on 
cuts from the 3-cwt. ingot, and also on the bloom 
cut from the middle of the rolled 3-ton ingot, have 
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Fig. 3—Chemical analyses of bloom from middle of 
3-ton ingot. Cast 6525 ~ 
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been made in collaboration with Mr. W. W. Steven- 
son.* The gas figures in Table III and the comments 
below were supplied by Mr. G. E. Speight.t 

‘Detailed comments and discussion of the results 
are not desirable at this stage of the investigation, 
but attention is drawn to the following points : 

(1) The C x O product for the pit sample, i.e., 
0 -00184, is somewhat low compared with the value 
of this constant, 0 -00225, obtained in previous investi- 
gations. This would suggest either insufficient state 
of oxidation in the liquid metal before casting, or 
insufficient killing of the pit sample. 

(2) The carbon and oxygen variations in the ingot 
sections are of normal form. Carbon shows the larger 
difference between mid-rim and mid-core positions in 
the upper slice. 

(3) In general, the core positions show the highest 


hydrogen contents. 

(4) The C x O values for the core positions in the 
ingot and bloom samples are lower than had been 
observed previously, i.e., 0 -0011, approximately. com- 
pared with 00-0017.” 


Macro-Examination of Cross-Sections 


The macro-etches of cut 7, Fig. 1, close to the top 
end, cut 4, the middle of the ingot, and cut 1, from 
near the bottom of the ingot, shown in Fig. 8 a, 
b, and c reveal the blow-holes and blow-hole segre- 
gates in the core and porous rim channels, which had 
developed normal to the ingot skin. The rim channels 
are more numerous at the bottom of the ingot where 
they are mainly broken up into strings of small holes. 
No rim blow-holes are present in any of these sections. 


Micrographs of Bloom from 3-ton Ingot 


Figure 9 shows the structure at the skin, Fig. 10 
the structure at 4 in. depth, Fig. 11 at the rim-core 
junction, and Fig. 12 at the core. A zone of minute 
globular oxide inclusions at the junction of the rim 
and core can be seen in Fig. 11. The rim-to-core 
structure is typical of rolled rimmed steel. 


Examination of 1-cwt. Ingot from Cast 6525 

Little work has been done on the l-cwt. ingot, 
Fig. 7. Spot analyses in the rim and core confirmed 
usual rim-core analytical variations, see Table IV, 
but showed that axial segregation within the upper 
core was greater than in the 3-cwt. ingot. 

In this series work was also done on billets of 2} in., 
rolled from the 3-ton ingot. 





* Mr. W. W. Stevenson, formerly of The United Steel 
Companies’ Central Research Laboratory, Stocksbridge, 
near Sheffield, is now with Messrs. Dorman, Long and 
Co., Ltd., Middlesbrough. 

+ Mr. G. E. Speight is Chief Chemist at the Research 
and Development Department of The United Steel Com- 
panies, Ltd., Stocksbridge, near Sheffield. 
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Table IV 


ANALYTICAL VARIATIONS OF THE 1-CWT. 
INGOT, CAST 6525 


Distance from 


Bottom, in. Carbon Sulphur Phosphorus Manganese 
Rim Portion 
4-75 0-054 0-028 
11-50 0-038 0-026 
Core Portion 
3 0-046 0-030 0-013 0-320 
4-75 0-050 0-031 0-014 0 -330 
7 (axis) 0-105 0-078 ie kee 
11-5 (axis) 0-137 0-091 sae rae 
12-5 (off axis) 0-070 0-044 0 -022 0 -330 
Length of Ingot, in. Drill Holes, in. 
To Sunk Top Overall Rim Core Axis 
15 16-5 0-5 1-5 0-25 


in middle three, at specified 
equally positions 
spaced 


Examination of Billets from 3-ton Ingot, Cast 6525 


A sample piece was cut from the top end of every 
30-ft. billet, and was sulphur printed. Drillings were 
taken from the core, using a 1-in. drill (the largest 
drill which could be used to sample the core only, 
without touching the rim-core junction). The analyses 
are given in Table V. 

The core carbon is equal to the pit carbon, 7.e., 
0-076% of carbon at about bar 5 or 6, or about one- 
third down from the top of the ingot. The ferro- 
static pressure at this position in the ingot (19 in. 
from the top) is equivalent to that of 1-35 atm., 
57 in. of liquid steel being taken as equivalent to one 
atm. 

EXPERIMENTS ON CAST 139 


In this series, one ordinary mould and one with one 
refractory wall, 1} in. thick, were teemed consecu- 
tively. Two ingot moulds, C (Table I), with a wall 
thickness of 2 in. at the wide end, and 1 in. at the 
narrow end, were used wide-end up. 

Earlier tests on 3-cwt. ingots had led to the question 
whether extremes in wall thickness might reflect 
on the depth of the rim. In collaboration with 
Mr. W. W. Stevenson, rimming steel was cast into 
moulds of dimensions A and C (Table I), but the 
sulphur prints of the sectioned ingots showed no 
difference in the rim depth. 


Particulars in Order of Teeming 
Ordinary Mould, C—The steel rose in the mould 
and the stream of metal was fed in slowly as the 
metal settled down, until the teeming was complete. 
Mould C, One Refractory Wall—The metal ap- 
peared to react rather more vigorously than in the 


Table V 
CORE DRILLINGS 


Billet No. 
Top End of Ingot Carbon Manganese Sulphur Phosphorus 
0-092 0-390 0-070 0-035. 
0 -086 0-380 0 -064 0-029 
0 -086 0-380 0 -060 0-029 
0-073 0-360 0-058 0-027 
0-072 0 -370 0-053 0 -026 
0-070 0-360 0-048 0-025 
0-050 0 -330 0 -038 0 -020 
0 -056 0 -330 0-035 0-018 
14 0 -060 0 -330 0 -035 0-017 
Bottom end of ingot 


— 
WNOID WN 
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ordinary mould, and a skin formed over the top of the 
mould. Rimming reaction time was much the same 
for both moulds. 

Three-Ton Ordinary Mould, D—Showed normal 
rimming action, rise finish, and was examined in 
bloom and billet. 

Tapping Slag Analysis 


o 
Ferrous oxide 17 -28 es 
Ferric oxide a ees 
Silica 8 -80 
Alumina 1-40 
Lime 48 -20 
Magnesia 5 -40 
Phosphoric oxide 6 -06 
Manganous oxide 4-29 
Sulphur 0 -34 


Pit Sample Analysis, °,—Carbon 0-087 ; sulphur 
0-032 ; phosphorus 0-013 ; manganese 0-370. 

Sulphur prints of the ordinary mould are shown in 
Fig. 13, and of the mould with one refractory wall 
in Fig. 14; Fig. 15 shows the sulphur prints of the 
top and bottom third cross-sectional positions, at the 
saw cuts in Figs. 13 and 14. The sulphur print from 
the 6-in. bloom cut from the cogged, 3-ton partner 
ingot is shown in Fig. 16. 


General Remarks 

The depth of the rim was about 50% greater in this 
cast compared with that in cast 6525. The ingot made 
in the mould with one refractory wall had a depth 
of rim on the chill sides identical with that when 
four chill walls were used. The difference between 
the two ingots was that the depth of rim was reduced 
on the refractory-wall side only. The dimensions, 
measured between two chill walls of the core, were 
the same in the ingot with one refractory side as in 
the all-chill ingot. There was no real development 
of rim holes, apart from a few at the bottom of the 
ingot adjacent to the base plate. 


EXPERIMENTS ON CAST 636 


In these experiments only one ingot was made, 
from a mould of dimensions A (Table I), lined with 
two adjacent refractory walls ? in. thick. 

Pit Sample Analysis, °%% (Copper Pot)—Carbon 
0-080 ; sulphur 0-039 ; phosphorus 0-023 ; manganese 
0-280. 

The sulphur print of the ingot is shown ip Fig. 17, 
and the top, middle, and bottom cross-sectional 
prints, corresponding to the saw cuts in Fig. 17, are 
shown in Fig. 20. 

The depth of the rim has been reduced only on the 
sides with the refractory lining. There was no all-chill 
mould for comparison, but, nevertheless, it can be 
seen that the depth of rim on the chill sides is at 
least equal to that recorded under cast 139 (Fig. 13). 
Rim holes are present adjacent to the base plate, but 
only a few scattered holes were present at the lower 
end of the vertical ingot sides. 

It will be noticed that the depth of rim increases 
somewhat on the chill side as the chill side approaches 
the refractory side, see Fig. 20, middle section. 





EXPERIMENTS ON CAST 1909 
The ingot moulds were of dimensions A (Table I), 
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Fig. 5—Sulphur print of 3-cwt. 
ingot, narrow end up, from cast 
6525 





Fig. 4—Sulphur print of bloom from 
middle of 3-ton ingot from cast 6525 





Fig. 6—Sulphur print of 3-cwt. 
ingot, wide end up, from cast 
6525 





Fig. 7—Sulphur print of 1-cwt. 
ingot from cast 6525 
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(c) 
Fig. 8—Cross-sections of same 3-cwt. ingot as 
in Fig. 6. Macro-etched 
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Fig. 11—Junction of rim and core 


Figs. 9-12—Micrographs of bloom showing the structure at various 
in the 3-ton ingot from cast 6525 


Fig. 12—Core 
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Fig. 28—Sulphur print of 
ordinary ingot from cast 


4151 
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Fig. 29—Two adjacent 
refractory walls at top end 
of ingot from cast 4151 


walls from cast 4151 


Fig. 32—Sulphur prints of cross-sections 
(a) Ordinary chill ingot (Fig. 28) 
(b) Two refractory walls (Fig. 29) 
(c) Four refractory walls (Fig. 30) 
(d) Four chill walls at top end of ingot (Fig. 31) 
(e) Four refractory walls at lower end of ingot 
(Fig. 31) 
(f) Middle of bloom from 3-ton ingot 


Fig. 30—Four refractory 








Fig. 31—Four refrac- 
tory walls at bottom 
end of ingot from cast 
4151 
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(a) (b) (c) (d) (e) 
Fig. 33—Sections of ingots from cast 4151: (a) Lower end of ingot from mould with four 
refractory walls (test i) ; (b) lower end of ingot (test ii) ; (c) ingot (test iii) ; (d) lower end of ingot 
(test iii) ; (e) lower end of ingot from mould with chill walls (test iv) 





36—Sulphur print of 
ingot from_ refractory 
mould (cast 5009) 


Fig. 35—Sulphur print of Fig. 
ingot from copper mould 
(cast 5009) 


Fig. 34—-Sulphur print of ingot 
from hematite mould (cast 
5009) 
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but the four walls of one mould were lined with 
refractory material ? in. thick. 

Pit Sample Analysis, %4—Carbon 0-074, sulphur 
0-046 ; phosphorus 0-018 ; manganese 0-340. 

The sulphur print of the ordinary, all-chill, ingot 
is shown in Fig. 18, and the one lined with four walls 
is shown in Fig. 19. Sulphur prints of cross-sections, 
at the saw cuts in Figs. 18 and 19, are shown in Fig. 
21 for the chill ingot, and in Fig. 22 for the lined one. 

The depth of rim in the ingot from the chill mould, 
Fig. 18, is very similar to that of cast 139, Fig. 13. 
Figure 18 shows rim blow-holes at the very bottom of 
the ingot, adjacent to the base plate. These rim holes 
are better developed in the ingot from the refractory 
mould. Rim holes are present to about one-third 
from the bottom and are, asain, better developed in 
the ingot from the refractory-lined mould. The ratio 
of rim to core for the two moulds is much the same. 

The refractory-lined mould, Fig. 19, is of smaller 
cross-section and rim depth than the chill mould, but 
the rim depth is greater than that in the previous 
experiments, when only one or two walls were lined 
with refractory. This might suggest that the remain- 
ing chill walls, in a composite mould of chill and 
refractory walls, had retarded the perhaps slower 
rimming-action of the sides lined with refractory. 


EXPERIMENTS ON CAST 2564 


Experiments were made with copper and hematite 
moulds to dimensions A (Table I).* 


Weight of Moulds and 
Trunnions, Ib. 


Copper Hematite 


241 216 


Pit Sample Analysis, %—Carbon 0-106 ; sulphur 
0-043 ; phosphorus 0-022 ; manganese 0-47€. 

The ingots were teemed ‘ consecutively,’ and both 
ingots showed a good rimming action, but it is not 
easy to state precisely the time of the rimming action 
in this or in the other experiments, since the evolution 
of sparks died away gradually. The copper mould 
became heated up to an even temperature, estimated 
at between 700° and 800°C. The iron mould did not 
heat up uniformly but had black corners throughout 
the freezing. A 3-ton partner ingot was examined 
in bloom form, This 3-ton ingot had a rise of 4 in. 

Sulphur prints are shown of the ingots made 
in the iron mould (Fig. 23), and in the copper 
mould (Fig. 24); and the cross-sectional prints 
of ingots from the iron mould and the copper 
mould (Figs. 25 and 26) are shown respectively. 
These sulphur prints do not show any noticeable 
difference ; both have rim holes at the extreme bottom 
portion. Both moulds rested on cast iron bed-plates. 
The depth of rim is much the same as in cast 6525, 
Fig. 6, although the sulphur print of the bloom, 
Fig. 27, shows a rim depth, if anything, slightly less 
than the bloom from cast 6525, Fig. 4. 

The rim holes were much the same in both ingots, 
and were adjacent to the base plate, with some 
development up the vertical side, one-quarter to 
one-third from the bottom of the ingots. 


Weight of Ingot, Ib. 

From Hematite 
Mould 
366 


From Copper 
Mould 
361 





* These experiments were made at the suggestion of 
the late Mr. R. H. Mvers, of the Steelmaking Division, 
B.18.R.A. 
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EXPERIMENTS WITH CAST 4151 
Four moulds were used in this series, of which the 
particulars, in order of teeming, are : 

(i) Mould with four refractory walls. Mould of dimen- 
sions A (Table I), lined on all four sides with 1-in. 
refractory material. 

(ii) Mould of dimensions A with two adjacent refrac- 
tory walls, 1 in. thick. A portion of these two refractory 
walls broke away at the bottom, giving rise to a 
composite mould; the top end of the ingot had two 
refractory walls. 

(iii) Mould of dimensions A with four refractory walls, 
1 in. thick, covering the bottom half of the ingot only. 

(iv) Mould of dimensions A (Table I), ordinary hema- 
tite mould, chill walls. 

The 3-ton partner ingot was teemed immediately 
before the above four small ingots. The teeming of 
the small ingots presented no unusual feature. 


Pit Sample Analysis, °,—Carbon 0-090 ; sulphur 
0-041 ; phosphorus 0-017 ; manganese 0-320. 

Figure 28 shows the sulphur print of the ordinary 
chill ingot, No. (iv) above. The rim depth is larger 
than in any of the previous experimental casts, also the 
inward taper from top to bottom of the core is much 
more pronounced than in the ordinary chill ingots of 
the previous tests. Rim holes are seen in the lower 
region of the rim, Fig. 33e. The ingot with two 
adjacent refractory walls is shown in Fig. 29. The 
upper portion of the ingot shows much the same 
result as in cast 636, Fig. 17. The lower portion, 
where there are four chill walls, shows the core 
receding slightly towards the centre of the ingot. 
The depth of rim resumes sharply the normal rim 
thickness of the all-chill sides. Rim holes are present 
at the very bottom of the ingot (Fig. 330). 

The ingot with four refractory walls, Fig. 30, shows 
a good rimming action with large rim holes at the 
bottom of the ingot. The depth of rim is rather more 
than those resulting from the refractory walls of the 
moulds having only two such walls. The size of the 
core is much the same in this ingot as in the previous 
ones of this cast ; in fact it so happens that the four 
ingots have much the same thickness of core. The 
major effect of the refractory walls has been in the 
depth of rim, which, in the case of the composite chill 
and refractory-wall moulds, approximates to the 
thickness of the refractory lining. But, with the ingot 
made from four refractory walls, the rim depth is 
independent of the thickness of the wall lining since 
the rimming action is not controlled, nor affected, by 
chill walls. The only chill wall in this ingot is from 
the base plate, and it will be noticed that the rim holes 
have been developed to the greatest extent at the 
axis of the ingot, and thus they form the shape of a 
cone. Holes are present along the vertical side for 
one-quarter of the height, Fig. 33a. 

The other ingot of this series is the composite one, 
with four refractory walls over the bottom half of 
the ingot only, Fig. 31. The core is mostly unaffected 
by the sharp change in mould lining, which means 
that the lining has cut down the depth of rim only. 
The rim holes at the bottom end of the ingot are few, 
and short in length, forming no particular pattern, 
but are well developed in the vertical sides, Figs. 33 ¢ 
and d. 


Figure 32 shows sulphur prints from cross-sections 
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Fig. 41—Analytical results shown graphically: (a) car- 
bon; (6) sulphur; (c) phosphorus and manganese. 
Cast 4151. See Fig. 29 


of the ingots shown in Figs. 28, 29, 30, and 31, and 
also shows the bloom from the 3-ton ingot, and except 
where stated otherwise these were taken from the 
lower saw-cut position. 


EXPERIMENTS WITH CAST 5009 

All the moulds in this series had internal dimensions, 
as in A (Table I). 

Since the refractory lining given to these small 
moulds considerably reduced the cross-sectional area, 
a mould was made of such dimensions that when the 
refractory lining, about 1 in. thick, was put on the 
four walls, the internal dimensions of the mould 
would be the same as the partner chill-wall moulds. 

The three ingots made in this test, in the order of 
teeming, and the actual weights of the ingots obtained 
were : 

Chill walls, hematite mould 340 Ib. 


Four refractory walls 356 Ib. 
Chill walls, copper mould 308 Ib. 
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The copper mould was included because the previous 
experiment with cast 2564 included a copper mould, 
but the ingots did not have as deep a rim as was 
obtained in the chill surfaces of cast 4151, and a 
repeat of the experiment was desired with a deeper 
rimmed steel. The copper mould was not filled to 
the same extent as the other two moulds. A 3-ton 
partner-ingot was examined in bloom form. 

Pit Sample Analysis, %—Carbon 0-090 ; sulphur 
0-039 ; phosphorus 0-014 ; manganese 0-310. 

Sulphur prints of the ingots show the ingot from 
the hematite mould, Fig. 34, the ingot from the copper 
mould, Fig. 35, and the refractory mould ingot, 
Fig. 36. Cross-section sulphur prints corresponding 
to the saw cuts in the longitudinal prints are shown 
for ingots from the hematite mould, Fig. 37, from 
the copper mould, Fig. 38, and from the refrac- 
tory mould, Fig. 39. The sulphur print from the 
bloom rolled from a position half-way in the 3-ton 
partner ingot, is shown in Fig. 40. 

There is very little to choose between the prints 
from the ingots teemed into the hematite and into 
the copper moulds. The depth of rim is a little more 
than in the previous experiment on the two moulds, 
t.e., 1-75 in. against 1-2 in. for cast 2564. 

The ingot from the refractory mould shows a 
smaller depth of rim, about 1 in. deep, which confirms 
the observation made earlier in the tests (cast 139, 
Fig. 14, and cast 636, Fig. 17), that the refractory 
wall does reduce the depth of the rim zone. 

Rim holes in these three ingots are present only 
in the position adjacent to the base plate; there is 
little sign of them along the vertical walls. It would 
appear that the similarity in size of the core when the 
mould had chill walls or four refractory walls (cast 
4151), might have been due to the effect of the 
narrower ingot section due to the thickness of the 
refractory walls compensating for the reduction in 
depth of rim caused by the reduced cooling rate. It 
would appear that in order to affect the depth of 
rim appreciably, at least in these small ingots, the 
chilling effect of the mould wall must be drastically 
altered. 

ANALYTICAL SURVEY OF A CROSS-SECTION 
COMPRISING A CHILL WALL AND A RE- 
FRACTORY WALL 

In cast 4151, test ii, Fig. 29, at a position just 
above the lower of the two saw cuts, millings were 
cut parallel to the vertical sides of the ingot, + in. 
at a time, right across the ingot to include the rim of 
the refractory wall, then through the core and finally 
through the rim at the chill wall. Alternate cuts 
were analysed for carbon and sulphur, and every third 
or fourth cut for phosphorus and manganese. The 
analytical results are shown in Fig. 41 a for carbon, 
b for sulphur, and c for phosphorus and manganese. 

The ingot surface adjacent to the refractory wall 
was rather rough, and two or three of the ;;-in. deep 
milling cuts were necessary before arriving at scale- 
free metal. Cuts 1 and 2 from the refractory surface 
were irregular in analysis, the sulphur analysing well 
above pit sulphur figures, and the carbon analysing 
sometimes down to almost carbonless iron. The high 
sulphur figure at the immediate skin position was 
attributable to the sulphur in the refractory fireclay 


OCTOBER, 1949 








to th 
furth 


refrac 
they 
rimm 
It | 
= 
side 
car 


ele 
the 


4151, 
belov 
lower 


just s 
then, 
the i 


neigh 
could 


featu 
the f 
muck 
the 1 
equiv 
with 
than 


SULPHUR, % 
, a 


Fig. . 


i 


ocT 





~- @ 


ww eS he 





BINNIE : EXPERIMENTS WITH SMALL INGOTS OF RIMMING STEEL 


lining. The low carbon of the surface layer adjacent 
to the refractory wall can be understood without 
further comment. 

In Figs. 41 a and 6 these extreme points on the 
refractory side are indicated by a broken line, since 
they are not considered to have been caused by a 
rimming action, especially in the case of sulphur. 

It can be seen from Fig. 41 that : 

(i) For equal depths of rim, the rim on the refractory 
side is purer than that on the chill side, in regard to 
carbon, sulphur, phosphorus, and manganese. 

(ii) In the core, the distribution of the above 
elements is more uniform on the refractory side of 
the ingot, and is generally free from peak values. 
Further less-detailed analysis was made on cast 

4151, test iii, Fig. 31, at positions just above and just 
below the junction of the upper chill end and the 
lower refractory-lined part of the ingot mould. 
Millings were taken over the rim zones up to a depth 
just short of the outside rim of the core junction, and 
then just inside the rim-core junction to the axis of 
the ingot ; analyses were made on five drill holes. 
Owing to a rather irregular rim-core junction in this 
neighbourhood, representative millings or drillings 
could hardly be taken. 

The graphs, Fig. 42, show essentially the same 
features as in Fig. 41. For example, the carbon for 
the first 1 in. depth from the skin, Fig. 426, is 
much lower in the steel at the refractory wall, and 
the rim on the refractory side is purer than the 
equivalent depth of rim on the chill side. Also, level 
with the refractory wall the core is lower in analysis 
than the core corresponding to the chill wall. 
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Fig. 42—Analytical results shown graphically: (a) sul- 


phur; (b) carbon; (c) phosphorus and manganese. 
Cast 4151. See Fig. 31 
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ANALYTICAL SURVEY OF INGOTS FROM CAST 
5009 TEEMED INTO A MOULD WITH FOUR 
HEMATITE CHILL WALLS AND INTO A MOULD 
WITH FOUR REFRACTORY WALLS 

With the object of examining the effect of refractory 
lining compared with chill walls, in separate moulds, 
analytical surveys were made on the ingots from 
cast 5009 whose sulphur prints are photographed 
in Fig. 34, the ingot teemed into a mould with 
four hematite chill walls, and in Fig. 36, from the 
ingot teemed into a mould with four refractory walls. 

The ingot positions used for analysis were selected 
immediately below the three saw cuts shown in Figs. 

34 and 36, called for convenience top, middle, and 

bottom cuts. The analyses were made from packets 

of millings taken +; in. at a time on vertical slices 

1 in. high by 1? in. wide, and cut so that the milling 

cut corresponded to the middle of the ingot side. 

The only exception to this rule was the refractory 

middle cut, where one edge of the vertical slice 

corresponded to the centre of the ingot side. Milling 
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Fig. 43—Analytical results shown graphically for 
carbon. Cast 5009. H = hematite mould (Fig 34) ; 
R = refractory-lined mould (Fig. 36) 


cuts were made to within 3 in. of the ingot axis, and 
then one set of millings was taken from the ingot 
axis at each position. 

Analysis was carried out for carbon and sulphur. 
Experience had shown that the phosphorus analysis 
would follow the trend of the sulphur analysis and 
that manganese would vary similarly but to a lesser 
degree. Every third cut or so was analysed, and where 
the slope of the curve was varying rapidly consecutive 
or alternate cuts were analysed to make the path of 
the curves more detailed in these regions. The graphed 
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Fig. 44—Analytical results shown graphically for 
sulphur. Cast 5009. H = hematite mould (Fig. 34) ; 
R = refractory-lined mould (Fig. 36) 


analysis for carbon, Fig. 43, starts at cut No. 2 ; for 
sulphur, Fig. 44, at cut No. 3. The first cut was apt 
to be admixed with scale, due to roughness in the 
ingot wall, and with the refractory-lined mould the 
first two cuts (a total depth of } in.) were contaminated 
with sulphur from the refractory lining. 

The carbon in the rim zone of the refractory mould 
is about 0-025%% lower than the carbon in the rim 
zone of the chill mould, the difference being rather 
greater in the lower positions of the ingots. The core 
zone, since it covers a larger area when the refractory 
lining was used, is less intensely segregated and is also 
steadier in analysis. In the top cut the graphed 
analysis was stopped short at about 24 in. depth, 
beyond this point the analysis rose to peak values of 
0-168°% carbon, 0-191°% sulphur for the refractory 
mould, and 0-128°% carbon, 0-115°% sulphur for the 
chill mould. 

The sulphur curves, Fig. 44, are similar in trend 
to the carbon curves, Fig. 43. Sulphur is lower in 
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both the rim and the core in the refractory-lined 
mould, and the core analysis is also much steadier. 


CONCLUSIONS AND DISCUSSION 

From the detailed examination of cast 6525, and 
also of the work done on subsequent casts, it is 
considered that the small ingots described in this 
paper are typical rimming steel and of the box-hat 
type. The depth of rim is dependent on the nature 
of the mould-wall surface, but this only becomes 
apparent for drastic changes in mould-wall type, a 
hematite or a copper mould wall giving the same 
depth of rim in these small ingots. But for refractory- 
lined walls the depth of rim is reduced to about half 
the size. 

The rim from the refractory moulds is purer than 
the rim from the chill moulds, and the core zone 
behind the rim zone of the refractory mould is more 
uniform in analysis, which means that rimmed steel 
made in a refractory mould has not the same depth 
of rim as in a chill mould, but the rim is purer and 
the core is more uniform and, if anything, purer in 
analysis. 

Halley and Plimpton‘ say in the second paragraph 
of their paper: ‘The aim from the standpoint of 
segregation, in rimmed steel of high quality is to 
effect a maximum negative segregation in the rim 
zone without excessive concentration of undesirable 
elements at the centre of the ingot.” The refractory- 
lined mould goes a long way to achieve this result. 

Dr. Swinden! and his co-workers dealt with ingots 
of rimming steel (nominal weight of furnace charge 
18 lb.), and, even with retarded rates of cooung of the 
steel in a covered crucible in the furnace, the degree 
of rimming was marked and the ingots all had a 
thick top-crust. 

Principal Edwards,’ summing up Hultgren and 
Phragmén’s paper, says that it is not necessary to 
postulate the presence of a chilling surface which will 
cause rapid cooling, for the reactions giving rise to 
the liberation of gas to set in. A sudden chill is not 
necessary for rimming action to start and proceed, 
although from the series of experiments described 
above, it can be said that the chill surface drives 
forward the rimming action and increases the ratio 
of rim to core, but at the sacrifice of some purity of 
the rim. 

Hayes and Chipman® consider the point whereby 
the composition of the metal in the rim is modified 
by “entrapment,” ¢.e., the formation of an enriched 
film in the liquid adjacent to the solidifying interface, 
and the entrapment of part of this film in the growing 
crystals. This entrapment is greatly affected by rate 
of solidification : the more rapidly the steel freezes the 
less is the purity in the rim. 

It must be considered from the results shown above, 
that the more slowly the rimming steel freezes, the 
purer the rim, or that the entrapment factor is 
decreased. This could explain the carbon distribution 
in the refractory wall rim, Fig. 426, and in the 
refractory wall side, Fig. 4la. In Fig. 42b, the 
carbon content rises steadily from the low figure of 
0-026% of carbon at the skin towards the rim-core 
junction, and does not show a minimum value in 
the rim. 
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Another point to be considered is whether the length 
of time that the steel takes to freeze is directly related 
to the depth of rim. Comparing Figs. 34 and 35, chill 
moulds, with Fig. 36, all vertical walls of refractory 
material, Fig. 36 has the narrowest rim and would 
take longest to freeze on account of the insulating 
nature of the mould walls. However, Fig. 36 shows 
a rim cap which may have ‘plated’ the ingot and 
cut short the deepening of the rim ; this could apply 
also to another ingot made with four refractory walls, 
cast 4151, Fig. 30. 

Figure 19 (cast 1909) shows much the same ratio 
of rim to core as does the chill mould (Fig. 18), and 
in Fig. 19 the rim cap is not fully developed. 

It might well be that the closing of the ingot top 
sets a limit to the information which can be deduced 
from experiments on small ingots such as are depicted 
here, but it is believed that the information gained 
from the work described above warrants the con- 
clusion formulated. 
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Improvements in the Design of Precision 
Balances 


Major improvements in the design of precision balances 
have been annc ed by Messrs. J. Oertling, Ltd. 

Agate bearings are now replaced by corundum planes. 
Corundum has a Mohs’ hardness of 9, compared with 
that of 7 for agate, and this hardness is uniform through- 
out the single synthetic crystals from which the planes 
are cut. 

The optical system fitted to prismatic balances has 
been completely redesigned. The new design gives a 
brilliant, well-defined image of the graticule fixed to the 
end of the pointer, easily read in daylight and from 
any position in front of the balance case. 

A method of heat-stabilizing has been developed and 
is applied to balances which are to be subjected to 
tropical climates. 
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The Metering of 


Liquid Fuel Flow 


ACCURACY IN ORIFICE FLOWMETERS 


By J. Stringer, B.A. 


SYNOPSIS 


Variations in physical properties cause inaccuracies in the metering of oil with square-edged and 
sharp-edged orifice flowmeters. A nomogram, given in this paper, facilitates correction for these inaccuracies 
when the Reynolds number in the orifice lies between 500 and 3000. 

A means of reducing these inaccuracies, by controlling the temperature of the oil, is discussed and is 
shown to be possible without undue interference with the requirements of the atomizer and burner. 

The precautions which must be taken to ensure consistency within + 1%, of indicated flow are stated, 
and close control of the oil temperature is shown to be necessary. Special orifices, insensitive to viscosity changes, 
are available but they are still subject to errors due to specific-gravity changes. 

The need is emphasized for a continuous viscometer of moderate accuracy as an aid to metering and to 


furnace control. 


Introduction 


METERING device frequently used in steelworks 

fuel-oil installations is the simple, square-edged or 

sharp-edged, orifice flowmeter. Its main dis- 
advantage is that, because of the high viscosity of the 
fuel oil, the Reynolds number in the orifice is low. 
At such small scales the discharge coefficient (and 
therefore the calibration of a particular meter) is not 
independent of viscosity. 

The steelworks oil-metering problem is affected by 
variations in the physical properties of fuel oils as 
supplied. It was therefore thought desirable to 
calculate as closely as possible the errors which arise 
from the use of oils of various viscosities and specific 
gravities. 

It is emphasized that the errors considered are 
only those inherent in the use of an orifice as a 
metering device. They are quite separate from 
errors caused by manufacturing tolerances, either of 
the pipe-line and orifice or of the transmission and 
recording system. Some part of these errors could 
be eliminated by special calibration of the installa- 
tions, but since they are not subject to the same 
day-to-day variations as are the inherent errors 
they do not affect the consistency of metering. This 
point is elaborated below. 


Accuracy Required 
Burton and Bramley (1947)* claimed that the 
error in an oil meter should not exceed + 2% at the 
full rate of flow. Such a standard of accuracy has 
been accepted here as a criterion. The metering 
errors which arise may be classified as follows : 
(1) Errors due to changes in viscosity and specific 
gravity 
(2) Errors inherent in the orifice installation 
(3) Instrument errors proper (such as backlash in 
mechanical parts). 
The total error due to (2) and (3) is often quoted 
as + 2%, but it may be assumed for want of better 
information that, by special calibration, this could 
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be reduced to + 1%. Thus, if the overall con- 
sistency is to be within + 2%, the error due to (1), 
i.e., changes in viscosity and specific gravity, should 
be within + 1%. 
Range of Specific Gravity and Viscosity 

Fuel oil is nominally of two grades, maximum 
viscosity and high pour point. The first of these has a 
viscosity of 900 to 950 sec., Redwood No. 1, at 
100° F., with a specific gravity of 0-945 to 0-960 at 
60°F. The corresponding figures for the second 
grade are 350 to 360 sec. and 0-925 to 0-935. These 
figures were quoted by the Petroleum Board and do 
not apply to blended oils which may be supplied 
from time to time. In fact, viscosities from 300 to 
1000 sec. and specific gravities from 0-92 to 0-97 
may be expected. The viscosity at the meter may 
not vary as widely as this in any one works, as the 
oil is preheated to facilitate pumping and atomizing. 
Variations, between works, in viscosities at the burner 
range from 28 to 280 sec., Redwood No. 1, however, 
and there is as yet little evidence to show what value 
of viscosity is best for atomization. 


ESTIMATION OF ERRORS IN ORIFICE METERS 
Effect of Specific Gravity and Viscosity 

The basic theory of metering devices that are 
dependent upon the transformation of pressure 
energy into kinetic energy is well known and is 
conveniently expressed by equation (1) of the 
Appendix. Experimental work has been done to 
establish the curves of discharge coefficient against 
Reynolds number for a variety of orifices. That 
for square- and sharp-edged orifices is summarized in 
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Table I 
EXAMPLES ILLUSTRATING APPLICATION OF THE NOMOGRAM (FIG. 1) 





‘High Pour Point’ ‘Maximum Viscosity ’ 





l- 


d 


we ot 














Grade of oil Grade Grade 
Specific gravity at 60° F 0:935 | 0-935 | 0-925 | 0-925 | 0-960 | 0-960 | 0-945 | 0-945 
Viscosity at 100° F., Redwood No. = sec. 400 300 400 300 1000 900 1000 900 
Viscosity at 153° F., centistokes : 27 22 27 22 61 55 61 55 
Viscosity at 195° F., centistokes an’ 13 11 13 11 27 25 27 25 
Correction factor (M/M’) at 153° F. 1.0035 | 0-9952 | 0-9983 | 0.9901 | 1.0521 | 1-0474 | 1-0428 | 1-0388 
ss 195° F 0.9689 | 0.9628 | 0.9639 | 0-9579 | 1.0097 | 1-0065 | 1-0011 | 0.9979 
Temperature ‘for zero error, °F. nae 156-5 147-7 151-3 142.1 204-7 201-8 196.1 192-8 
Viscosity at zero-error temperature, cen- 
tistokes.... 25 24 28 27 23 23 26 26 
Temperature at 25-centistokes viscosity, 
°F. ; 156 147 156 147 200 196 200 196 
Error at 25- centistokes, % indicated 
flow ie oe ne : . —0-05 | —0-07 | +0-47 | +0-49 | —0-47 | —0-58/ +0-39 | +0-32 


























a paper by Tuve and Sprenkle (1933),* and their 
curves have been used in the calculations which 
follow. There is some difference between the results 
of the various investigators, but it should be pointed 
out that the installations were not all geometrically 
similar. Pressure tappings, for example, range from 
the corner type to the vena contracta type. These 
differences, however, correspond to the type of error 
which could have been eliminated by special 
calibration. 

The important quantity used in calculating errors 
is the change of discharge coefficient with Reynolds 
number (and therefore with viscosity for any 
particular rate of flow), and this does not depend 
significantly on the type of pressure tappings used 
(see Tuve and Sprenkle). The same values of this 
change may be used for either square-edged or sharp- 
edged orifices. 

The Appendix contains the analysis leading to a 
nomogram for calculating the error in rate of mass 
flow due to variations in viscosity, specific gravity, 
and oil temperature. The limitations to the applica- 
tion of this analysis and nomogram are : 

(1) The Reynolds number (based on_ orifice 
diameter) must lie between 500 and 3000. In the 
majority of cases this means that the calculation is 
appropriate, at least in a 3 to 1 range of flow rate, 
assuming that the meter is calibrated at one vis- 
cosity and specific gravity and taking account of 
variations of discharge coefficient with rate of flow. 

(2) The orifices must be of the square-edged or 
sharp-edged type. 

(3) The calculations apply to mass rate of flow. 
This is more closely related to rate of heat input to 
the furnace than is volume rate of flow. 

With these provisions the nomogram will give 
corrections accurate to actual error x (1:0 -+ 0-025) 
e.g., if the nomogram gives a correction factor of 
1-01, the limits of accuracy are 1-01 +0-00025. 


Effect of Temperature 

Since temperature affects both viscosity and specific 
gravity it has an influence on metering accuracy. It 
is shown in the Appendix that, approximately, a 





* G. L. Tuve and R. E. Sprenkle, Instruments, 1933 
vol. 6, p. 201. 
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change in the indicated flow of — 1% is caused by a 
rise in the oil temperature of from 9° to 13°F., 
depending upon the viscosity of the oil. 

The effect of temperature changes on the dimen- 
sions (and therefore on the characteristics) of the 
orifice is small. The area (and therefore the actual 
flow rate for a given indicated flow rate) of a steel 
orifice increases by 0-1°% for a temperature rise of 
about 75° F. The diameter ratio will be still less 
affected. 


METHODS OF REDUCING INHERENT ERRORS 
Temperature Control 

Mention has been made of the practice of pre- 
heating the oil to facilitate atomizing and pumping. 
It is suggested that this technique could be extended 
so that the effect of oil temperature is used to reduce 
the error to zero. The temperature required for this 
may be calculated from the nomogram (Fig. 1) by 
calculating the error when metering at any one 
temperature and then estimating the change in 
temperature required to reduce the error to zero. 
The procedure is explained in the Appendix. 

To apply this technique frequent measurements of 
specific gravity and viscosity must be taken, and 
the required thermostat setting must be calculated. 
The calculations can be made once and for all and 
preserved in tabular form, but the labour of sampling 
the oil remains. This would be simplified if a 
continuous-recording viscometer were available in 
addition to the density meters already available 
commercially. The accuracy required is only + 10%, 
in this case. 

Special Orifices 

By suitable shaping of the entry to the orifice it is 
possible to arrange that the discharge coefficient is 
independent of the Reynolds number (and therefore 
of viscosity) over a considerable working range. Data 
on such orifices have been published by Koennecke 
(1938),* and further work is being undertaken by the 
Physics Department of B.LS.R.A. These special 
orifices are still subject to changes in oil specific 





* W. Koennecke, Forshungen aus dem Gebiete des 
Ingenieurwesens, 1938, vol. 9, pp. 109-125; The Iron 
and Steel Institute, 1947, Translation No. 320. 
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gravity, and reduction of these to + 1% by tempera- 
ture control may mean a temperature range of as 
much as 100° F. 
EXAMPLES 

To illustrate the application of the nomogram a 
series of examples has been worked out. It is 
assumed that an orifice with a d/D ratio of 0-4 has 
been calibrated for oil of viscosity 25 centistokes and 
specific gravity 0-90. Two oils within the light and 
heavy ranges have these properties at 153° and 195° F. 
respectively. Table I summarizes the results. 

The examples show that : 

(1) Variations of specific gravity and of viscosity 
within the limits of one grade of oil cause errors of 
less than + 1% of the indicated flow if the temp- 
erature is maintained constant and the meter is 
calibrated for an average oil in the grade. 

(2) If the grade of oil is changed without chang- 
ing the metering temperature the errors are 
between 3 and 5% of the indicated flow. 

(3) If the temperature is adjusted so that the 
viscosity is always that for which the meter is 
calibrated, the error is within +0-6% of the 
indicated flow. (A change of temperature of about 
10° F. causes a further error of 1%.) 

(4) The temperatures required to maintain zero 
error are reasonable. 


RECOMMENDATIONS 


It is suggested that the following precautions be 
taken in practical installations to ensure a consist- 
ency ;ir metering of + 1%. Cases (1) to (3) below 
are for simple square-edged or sharp-edged orifices : 

(1) If the oil is always of one grade it is sufficient 
to maintain an oil temperature within + 3° F. of 
one chosen value. 

(2) Where the oil is of one of the two grades it is 
necessary to choose a suitable temperature for each 
grade and to use the appropriate value, maintained 
within + 3°F. If, however, there is a danger of 
the oil becoming mixed in the storage tanks, 
method (3) applies. 

(3) Where the oil is of varied blends and not in 
either of two defined grades it is necessary to 
determine the temperature at which the error is 
zero (using the method described) and to keep the 
oil temperature within + 10° F. of that tempera- 
ture. This should be done continuously and may 
possibly be done automatically. 

(4) If special orifices with constant discharge 
coefficient are fitted, the temperature must be such 
that the density is within + 2% of the calibration 
value. 

APPENDIX 


Symbols—The following symbols are used through- 
out the Appendix : 


a = slope of curve of temperature against log, 
log, (viscosity ) 

B = constant defined by orifice discharge character- 
istics 


C = orifice discharge coefficient (= f (R)) 
D = diameter of pipe-line 
d = diameter of orifice 


h = pressure drop across orifice 
K = constant associated with the meter 
M mass rate of flow 
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M’ = indicated rate of flow 

p:q = constants in approximate formula for C 
R = Reynolds number (= k (M/WZ)) 

T = temperature 

W = Specific gravity 

Z = kinematic viscosity coefficient of the oil 


C’, W’, Z’ refer to the conditions for which the meter 
was calibrated. 


Units—The units used are degrees Farenheit and 
centistokes (viscosity). All other quantities appear 
in numerical form as dimensionless ratios. 

The mass rate of flow through an orifice is given 
by: 

ie ibis seenatnasess+s (1) 

The indication of the instrument is proportional to 
ht so that for any particular indicated flow (but varied 
specific gravity and discharge coefficent), h is constant. 
Hence, from equation (1), taking logarithms and 
differentiating, the error (the difference between in- 
dicated and actual flow) is given very closely by : 

AM _14W , Ac 
M A 5 lla, O 

For fuel oil, and in the Reynolds number range 
500-3000 : 

W = 0-92 + 0-025 approx. 
C =0-68 + 0-025 approx. 

Hence the order of the error in indicated flow, due 
to specific-gravity changes, is + 1-36°%, and that 
due to changes in discharge coefficient is + 3-8%%. 

In the range of Reynolds number in the orifice of 
from 500 to 3000, the curve of discharge coefficient 
against logarithm of Reynolds number cannot be 
distinguished from a straight line if the diameter ratio 
of the orifice is 0-5 or less (see Tuve and Sprenkle 
(1933)). Hence, for a given indicated flow rate : 


M 
C= loge (ez) St eMigassceaneheee crass (3) 


J M’ 
C’ = p log, (W 7) Sh q 


Also, from equation (1) : 


and 


M _C(W%} 
wo 7) PER TTT ee eee (4) 
Hence : 
M C WwW 2 
Log, Gr) es loge (&) = 4 log, ) pebeoe (5) 
But 
C ogee iP. . M Ww’ Z’ ‘ 
C’ a 1 Cc’ — 1 C’ loge mM’ W 7) eeccce (6) 


Since A C/C’ is small (less than + 0-038) : 
CO}. Me py VR Ww . 
Log, (G) Cc ae C’ loge mM’ Ww . Z ) coenes ( 7) 
with an accuracy of 98%. Hence, from equations 
(5) and (7): 


MN _ ep - W : p 
Loge (Gr) ni (1 s- , loge (Fp) p= OC 
x loge (F) Skene mes beak panmees (8) 


Or: : . 
ry 1b oe Z 
ei (Gr) - log (FF) + Blog (7) ...(9) 


where 
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The following values of p, g, C, and B are given for a 
variety of simple orifices. The values of B are 
calculated assuming that C’ is the mean discharge 
coefficient over the range of Reynolds number of 
500 to 3000. The effect of varying C’ over the range 
considered is to alter B by less than + 1%. 


Discharge Characteristics of Simple Orifices 
(R = 500 to R = 3000) 


Orifice tC, when C, when p q B 
Dia. Ratio R=500 R= 3000 (— ve) 

0-20 0-686 0-642 00-0246 0-835 0-037 
0-25 0-688 0-643 0-0252 0-844 0-038 
0-30 0-691 0-645 0-0259 0-854 0-039 
0-35 0-697 0-650 0-0266 0-864 0-040 
0-40 0-706 0-657 0-0273 0-875 0-040 
0-45 0-712 0-662 0-0280 0-886 0-041 
0-50 0-720 0-669 0-0288 0-897 0-042 


Since B is small and the term (1 + B)/2 of equation 
(9) varies from 0-5185 to 0-521, little error is involved 
in rewriting equation (9) as follows : 


M aw 2 
Log( 57) = 0-52 log (p>) + Blog (Z) nba (11) 


This equation can be used to find the correction 
factor M/M'’ to be applied to the indicated flow, and 
it forms the basis of the nomogram, described later in 
the Appendix. An extreme example has been em- 
ployed to test the accuracy of equation (11), and 
comparison with a laborious exact method showed 
that the corrections to be applied were 6-83% and 
666% respectively ; 7.e., the error is estimated to an 
accuracy of 24%. 

Effect of Temperature—The values of W and Z in 
equation (11) are those of the fluid at the temperature 
of the meter and thus are susceptible to changes in 
this temperature. Differentiating equation (11) with 
respect to temperature gives : 


M’ d(M WwW’ ad (Ww Za Z ; 
M aT 7) a teoal 3 ar (iw) (BT ar (7)-02) 

But dW /dT is a constant given by the coefficient of 
thermal expansion. For fuel oils its value is 
— 0-00036 per degree F. 

It is found that for fuel oils the curves of log, log, Z 
against temperature are, very closely, a series of 
parallel straight lines. Expressing this mathematic- 
ally : 

Log, log, (Z) log, log, (Zo) + a(T Z'o)'4.013) 
where a = — 0-006 per degree F. Hence : 
dZ 


MT a Z loge (Z) = — 0-006 Z loge (Z) 
and equation (12) becomes : 
M’ dad /(M 0 -000187 
ae 0-006 B log, (Z 
uM at Gr) Ww 6 B log, (2) 


As an approximation, to ascertain the order of the 
effect of temperature, it may be assumed that : 
M 
M’ 
so that, with an accuracy of about + 10%, and 
changing to common logarithms : 
d M 
dT M’ 
Expressed as the increase in temperature which 


1 W = 0-90 B = 0-040 


= — 0-00021 — 0-00055 log Z ...... (14) 
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causes a 1% reduction in M/M’, this leads to the 


following : 
Approx. Increase in Temp. 


Z, centistokes for 1% Reduction in 
“T, 


M/M’, 
10 i3 
20 1] 
30 10 
40 9 


Nomogram—The nomogram (Fig. 1) facilitates the 
evaluation of the correction factor M/M’, given the 
properties of the fluid and the calibration conditions 
of the meter. The following example worked out on 
this nomogram illustrates its use : 


Oil is supplied with a viscosity of 800 sec. 
Redwood No. 1 at 100° F. and a specific gravity of 
0-95 at 60° F. What is the error involved if this 
oil is metered at 160° F. in a meter calibrated at 
30 centistokes viscosity and 0-89 specific gravity ? 
The meter orifice has a diameter ratio of 0-30 (and 
therefore B = 0-039). The nomogram shows that 
the correction factor M/M’ = 1-027, 1.e., that the 
error is — 2-7%. This error could be reduced to 
zero by a temperature increase at the meter. From 
the extreme left-hand side of the nomogram the 
temperature rise to reduce the error by 1% is 
found to be about 9° F. Hence, raising the meter 
temperature by 24° to 184° F. should reduce the 
error to a low value. Checking this on the nomo- 
gram shows that the error would then be — 0-2%, 
which could be eliminated by a further 2° F. rise in 
temperature. Thus the temperature change re- 
quired has been estimated within 10%, as was 
expected when deriving equation (14). 





The Resistance Welding of Coated Mild- 
Steel Sheet 


A report entitled * An Evaluation of the Resistance 
Welding of Tin and Tin-Zine Alloy Coated Mild Steel 
Sheet,” presented by A. J. Hipperson and P. M. Teanby, 
has recently been published by the British Welding 
Research Association. 

The report, based on results of experimental work 
carried out by the Research Association, sponsored by the 
Tin Research Institute, showed that : 

No difficulty was encountered in flash welding of 
coated steels, and the properties of the butt joints were 
comparable with those obtained in uncoated sheet. 

The production of spot welds in tin and_ tin-zinc 
alloy coated sheet was found to be practicable, but closer 
attention had to be given to the selection of welding 
machine settings and to electrode maintenance than 
is necessary with uncoated sheet. Tin-zinc alloy coatings 
were found to be better suited to spot welding than plain 
tin coatings. With plain tin coating, electrode life was 
much shorter, and adhesion of the electrode tips to 
the surface of the stock presented some difficulty. The 
presence of zine in the coating appeared to considerably 
improve weldability, compared with plain tin coating. 
The use of fully automatic welding machines is desirable 
for welding coated steels, because the success which 
can be obtained with the process depends largely upon 
the use of accurately controlled machine settings. 
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Investigations on an Experimental Blast-Furnace 


By H. L. Saunders, Ph.D., F.R.I.C., G. B. Butler, A.M.I.C.E., and 
J. M. Tweedy, B.A., D.I.C., A.M.I.Chem.E. 


SYNOPSIS 


Details are given of the general layout and design of an experimental blast-furnace, together with 
details of tuyeres, blast heater, sampling probes, and compensated charging mechanism. The main object of 
the campaign was to determine the manner in which temperature and CO, distribution in the stack were 


influenced by changing the segregation of the ingoing materials. 


Heat balances have been drawn up for each of 


the trial periods and a general interpretation of the experimental data in relation to the biast-furnace process 


has been attempted. 


OUTLINE OF THE EXPERIMENTS 


ABORATORY studies on distribution have been car- 
L ried out for a considerable time at the Imperial 
College of Science, South Kensington This 
work had naturally been extended to cover as many 
of the blast-furnace variables as possible, but was 
necessarily incomplete since the experiments were 
performed mainly at room temperature. Various 
modifications were at times employed in order to 
simulate combustion conditions,? such as the use of 
warm air penetrating beds of sand/ammonium- 
carbonate granules whereby the latter compound was 
vaporized (as carbon to its oxides), and the sand (or 
ash) remained. The measurement of pressure 
differentials at different levels and the use of 
chlorinated blast with iodized burdens gave a picture 
of blast flow under standard conditions, but there 
were necessarily definite limitations to such methods 
of analysis. Even with well constructed and care- 
fully operated models, two factors may introduce 
distortions. 

In the first place it is not generally reasonable to 
assume that the shape factors of large and small 
materials are always identical, and this is particularly 
true with the heterogeneous mixture in a blast-furnace 
burden. Secondly, any factors involving time (apart 
from fall under gravity) present a special problem 
in the matter of scaling which can be dealt with only 
by due consideration of the particular quantity under 
investigation, for the complete attainment of simi- 
larity can be regarded as being generally impossible. 

In view of such limitations it therefore became 
increasingly desirable to repeat the laboratory studies 
on a larger scale before attempting to translate the 
results to a full-scale furnace. At the same time, by 
designing the intermediate unit to function as a 
semi-scale plant making iron, it would be possible 
to extend the whole scope of the work very materially. 
It was therefore not surprising that at quite an early 
stage of the work the building of an experimental 
blast-furnace became a topic for discussion, though 
for a number of reasons its final realization was rather 
long delayed. 

Extensive tests on a full-sized furnace are prohibit- 
ive on the score of expense, but ona suitable scale it 
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should be possible to keep the cost of the project 
within reasonable limits and still establish a basis for 
comparison from which to assess operation under 
modified conditions that might eventually lead to 
changes in design. The main question arises as to 
what this intermediate scale should be. 

Tests in the laboratory showed that molten iron 
could be made from a mixture of ore and excess coke 
in a heavily insulated refractory shell, 12 in. high, 
of internal contour similar to that of a blast-furnace, 
fitted with four tuyeres ;{, in. in dia., symmetrically 
placed around a 3-in. hearth; but it was naturally 
impossible to tap either metal or slag. This was one 
extreme. Turning to the full-scale furnace and 
viewing the problem from this angle, the question was 
then asked, what size reduction is required before 
the quantity of the materials involved becomes 
manageable, and before relatively simple equipment 
can be employed to secure the maximum number of 
gas samples at different levels in the furnace in the 
minimum time. This had to be considered, too, in 
relation to possible staff requirements for labourers 
and technicians. 

With a provisional estimated output greater than 
1 ton/day, problems of storage space and transport of 
raw materials begin to assume substantial proportions, 
and the cost factor rises rapidly. Viewed in conjune- 
tion with the requisite ancillary equipment and 
instrumentation, it was soon realized that a dis- 
proportionate sum of the Iron Making Division’s 
allocation might easily be incurred if any larger sized 
unit were envisaged. It was evident that a reasonable 
scale for the furnace lay between } and }; the latter 
value was finally chosen. It will also be noted that 





Paper IM/B/12/49 of the Blast Furnace Process Com- 
mittee of the British Iron and Steel Research Association, 
received 12th April, 1949. |The views expressed are the 
authors’ and are not necessarily endorsed by the 
Committee as a body. 

Dr. Saunders is Head of the Iron Making Division of 
the British Iron and Steel Research Association. 
Mr. Butler, of the British Iron and Steel Research Asso- 
ciation, is in charge of the Experimental Blast-Furnace 
at Stoke-on-Trent. Mr. Tweedy is a member of the staff 
of the Blast Furnace Research Laboratory at the Im- 
perial College of Science and Technology, working at the 
Experimental Blast-Furnace, Stoke-on-Trent. 
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this is a convenient half-way stage between the 
original and the models, with a factor of 8 in each 
case, as the laboratory experiments were carried out 
on a ;, scale of No. 1 Appleby-Frodingham furnace.! 
Reducing all measurements of this furnace accord- 
ingly, this gave a 21-in. hearth and a 26-in. throat, 
permitting enough room for access to the interior 
by way of a vertical ladder for examination of, or 
repairs to, the lining between campaigns. It will be 
noted that this is roughly half the linear dimensions 
of the experimental furnace of the U.S. Bureau of 
Mines.* 

Having arrived at a broad decision regarding the 
size of the experimental unit, it became advisable to 
review the position in the light of theoretical 
considerations to see if any modifications were 
desirable, keeping in mind its possible requirements 
for examining a variety of blast-furnace problems. 

Similarity laws are easily applied to the simpler 
type of experiment and have been shown to hold in a 
satisfactory manner even when the scale factor is 
large. On the other hand, the operation of a model 
of a full-scale blast-furnace presents many problems, 
particularly when the process itself is not fully 
understood ; on theoretical grounds it is possible to 
arrive at different conclusions according to the choice 
of similarity criteria and the particular factor on 
which the primary emphasis is placed. If, for 
example, gaseous diffusion or temperature gradients 
within the ore particles are being specifically examined, 
similarity is obtained when the product of the 
characteristic velocity and length is constant. A 
little consideration will show that this would inevit- 
ably necessitate grossly over-driving, to the point 
where the burden would be completely unstable ; an 
increase in blast velocity by a factor equal to the 
scale reduction with forcible retention of the materials 
would presumably only mean their arrival at the 
hearth inadequately prepared. 

On the other hand, overall process similarity can be 
achieved by adjusting the blast velocity until the 
value of the exit-gas CO/CO, ratio is normal, when it 
may reasonably be expected that the temperature of 
metal, slag, and exit gas will be within the range of 
full-scale practice. In this case the theoretical 
criterion V/Z proved to be nearer a value of V/+/L, 
and eliminates the possibility of similarity of heat 
losses through the walls, though from the operating 
angle this could be compensated by increasing the 
coke rate. There are still items, such as crushing 
forces in the hearth, where similarity cannot be 
realized on either of the above bases, but in com- 
parison with process similarity these are of less 
significance.4 

A possible alternative would be to alter the ratio 
of the stack height to the diameter so as to accommo- 
date desired variations in the V/Z criterion, by 
modifying the furnace lines in different types of 
experiment. As this course did not commend itself, 
certainly at this stage, it appeared more profitable to 
adhere to normal lines for the sake of simplicity, 
keeping an open mind if subsequent experiments 
should indicate the desirability of any change. 

The next stage in the programme was the erection 
of a furnace shell in which to carry out the distribution 
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experiments described in a previous paper.® A 
detailed description of this unit, later operated to 
make iron, is hardly necessary in view of subsequent 
alterations which will be dealt with fully later, 
though it should be mentioned that the furnace lines 
remained substantially unchanged. This first unit 
was constructed of refractory brickwork, with six 
water-cooled tuyeres and two interchangeable bells 
for modifying the distribution. Instrumentation 
comprised an automatic stockline recorder, blast 
volume and pressure gauges, and recorders for hot- 
blast and top-gas temperatures and CO, in the exit 
gas. Hot blast was taken from a local main. (For 
further details of the initial campaign the reader is 
referred to an article by Goodwin.®) 

Ore, coke, and limestone were available on the 
site, and no great attention was paid to sizing at this 
stage. The campaign was, in fact, carried out 
primarily with the intention of gaining operating 
experience since little was known concerning work on 
so small a scale and progress was necessarily slow. 
In spite of frequent scaffolding and many other 
shortcomings, a great deal was learnt from this trial 
so that further experiments were carried out with 
increased confidence, and in the latest campaign 
measurements relating to the complete reversal of 
stockline distribution were successfully accomplished. 
Herein lies the full justification of the experimental 
furnace, in that it proved possible to establish the 
application of a principle under operating conditions 
which otherwise might never have been contemplated 
in full-scale practice. When things go wrong on an 
experimental unit it is easy to blow-out and begin 
again ; on a production furnace this is unthinkable. 


Objects of the Campaign 

The main objects of this investigation were three- 
fold : (a) To determine the pattern of stack conditions 
as indicated by measurements of temperature and gas 
composition at various points, and to show how these 
could be changed in a predictable manner by varying 
the radial distribution ; (6) to draw up heat balances 
and to determine whether the effect of such modifica- 
tions can be related to furnace operation; and 
(c) to attempt a generalized interpretation of the 
processes occurring at various levels in the furnace. 

In general it may be said that the regions of 
maximum voids present the easiest passage for the 
gas, consequently less reduction obtains where lumps 
predominate, accentuating the natural effect of their 
relatively smaller surface area. Moreover, because of 
segregation, different portions of the burden are 
changed in varying degree, and the useful work 
accomplished by the total volume of the gas in its 
passage from tuyeres to stockline is not a maximum. 
The adoption of a new cycle, whereby in successive 
dumps of the large bell the distribution patterns were 
reversed so that fines were superimposed on lumps, 
and lumps on fines, would reduce these inequalities 
of gas flow and would tend towards greater uni- 
formity of reduction. Such radial compensation 
would tend to minimize channelling and thereby 
promote a more regular descent of the burden with 
fewer tendencies to hanging and slipping. 

To attain this end a new type of bell was designed 
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with a smaller bell/throat ratio. It also differed from Distribution was varied by employing two different 
A normal in that it may be raised as well as lowered ; _ bells, the first (No. 1) being of the normal type giving 
to gas sealing, sufficient for the purposes of these a V contour, and the second (No. 5) of the compensat- 
ent experiments, being provided by a cylinder seating on ing pattern to permit variation of radial segregation. 
ter, the clearance annulus.* If this mechanism is operated 
_ in the normal manner the materials are distributed Scheme for Burdening 
pe essentially to give a V contour with lumps at the Although the margin of excess coke may be similar 
‘lie centre and fines at the walls. If, on the other hand, in all cases where similar driving rates obtain, certain 
“ Is the bell is raised, this pattern is inverted andthe lumps limitations are placed on the burdening and rate of 
a now lie at the walls with fines in the centre. By driving, quite apart from what is theoretically desir- 
ast variation of the quantities discharged to walls and able. Inthe first place, the bulk of material reaching the 
ae centre, different types of pattern can be built up so hearth must be sufficient for the heat losses through 
= that a wide degree of control may be exercised. the hearth wall to become an insignificant fraction 
or F . aaa F . . -? 2 
r is * In the practical adaptation of this scheme somewhat of the total me ge er a os and an ns 
different methods are envisaged for effective gas sealing, [Ot remain fluid; this explains the reason for the 
th though the compensation principle remains the same. heavy insulation in the hearth region. Secondly, the 
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Fig. 2—Details of the furnace 
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heat losses, especially to the tuyere cooling-water, are 
relatively larger than in a full-scale unit, and as they 
are substantially independent of the rate of driving, 
a certain rate of burning coke at the tuyeres is 
necessary to satisfy them. This results in a minimum 
blast volume below which the furnace cannot make 
molten iron and slag, and also necessitates a greater 
weight of coke per ton of iron than in full-scale 
practice ; this margin is constant for a given blast 
volume and decreases as the driving rate increases. 
Thus, wherever possible, experiments should be 
carried out on a comparative basis. 

The choice of suitable ores presented several 
difficulties. In a small unit it seemed desirable to 
avoid too high a coke rate ; this suggests a burden of 
good reducibility, low slag volume, and roughly in 
balance on lime and silica. Experimental results of 
a general character, such as temperature distribution, 
should not be associated specifically with either home 
or foreign ores. Moreover, tests on segregation would 
necessitate a suitable proportion of fines. This led 
to the adoption of a mixture of Quenza and dried 
Northants which, in conjunction with the contribu- 
tion of the coke ash to the slag volume, also gives 
a figure near the desired volume of 15 ewt. 

The question of coke also received careful attention 
for it was important that this should as far as possible 
be truly representative of blast-furnace coke and not 
be simply a coke breeze of poorer quality. Here the 
choice was practically restricted to two sources : 
(a) a dry quenched coke of small size, and (6) a 
specially ‘ cut ’ coke retaining the mechanical proper- 
ties of the original. Both of these were used at 
different stages of the work, but the latter was 
chosen as the standard owing to the abnormally high 
ash figure of the former. Limestone and dolomite 
were available locally and, being needed in only 
relatively small quantities, presented no difficulty. 


DESCRIPTION OF PLANT 

Site 

The site for the experimental blast-furnace, 
adjacent to No. 1 blast-furnace of the Shelton Iron, 
Steel and Coal Co., Ltd., was chosen because it 
provided adequate space for the furnace itself, 
together with the ancillary plant such as bunkers and 
instrument house, and the necessary services, such as 
cold and hot blast, railway line, gas and steam, close 
at hand. The general layout of the site is shown in 
Fig. 1. The bunkers with their railway siding are 
below the ground level at the furnace, and the 
charges, contained in 2-gal. buckets, were conveyed 
from this lower level to the staging at the furnace 
top by means of an inclined hoist, and tipped on to 
the bell by hand. 


Hearth 

Figure 2 gives the details of the furnace, apart from 
a few minor alterations. The monolithic carbon 
hearth, with its surround of insulating brick, will be 
noted; this gave a satisfactory performance, and 
though cracks developed during earlier campaigns, 
serious penetration by iron did not occur until well 
on in the campaign reported below, after a total 
operating time of about six months. An earlier 
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campaign had shown that a hearth of small bricks 
with tar jointing was unsuitable, for the iron which 
penetrated the joints between the bricks and formed 
a layer underneath them within a few weeks, would 
obviously have permitted them to lift if operation had 
been continued, although little attack had taken place 
on the underlying firebrick. The disadvantage of 
the monolithic hearth is that it is impossible to repair 
when damaged, and a hearth of large interlocking 
bricks is under consideration as offering the opportun- 
ity of replacement without disturbing the surrounding 
base brickwork. Some wear occurred on the outer 
face of the carbon, indicating the need for a welded- 
steel hearth jacket to prevent air from entering and 
diffusing through the base brickwork. 


Tuyeres and Bosh 

The brickwork at the bottom of the bosh always 
suffered severe attack, being worn to the face of the 
tuyere coolers within a matter of days; accordingly 
this was replaced by carbon brick to within 9 in. 
of the top of the bosh, as shown in Fig. 2 ; in addition, 
the tuyeres which had projected 4 in. in front of the 
coolers were made 2 in. shorter, the brickwork being 
brought back the same distance so as to keep it 1 in. 
behind the nose of the tuyeres, while leaving the 
tuyere coolers in the same position. (See Fig. 3 for 
details of the tuyeres and coolers.) The carbon was 
found to be less satisfactory than the firebrick, for 
the firebrick at the top of the bosh was left almost 
intact, while the carbon immediately beneath it had 
almost disappeared, leaving the firebrick over- 
hanging. It appears, therefore, that the line of the 
bosh can be preserved only by increasing bosh cooling. 
During the earlier campaigns considerable trouble 
had obtained with scaffolds; these had always com- 
menced immediately above the tuyeres, growing 
upwards and towards the centre of the furnace, 
leaving an annulus of unaltered burden between the 
hard inner face of the scaffold and the wall, and it 
is thought that this was connected with the dead zone 
that must have been left behind the nose of the tuyeres 
once the brickwork had gone. Certainly the trouble 
became manageable once the shorter tuyeres men- 
tioned above had been installed. The cooling-water 
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Fig. 3—Details of tuyeres and coolers 
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heat losses were disproportionately high when 
compared with a full-size furnace, and in fact were 
probably the limiting operating factor, so that to 
install bosh cooling to preserve the lines would 
appear at first sight to be out of the question ; but 
replacing the steel tuyeres and coolers used on the last 
campaign by cast copper members, which could be 
of much smaller dimensions, would reduce the cooled 
area by more than the frontal area of the bosh 
coolers ; as the latter would not be subject to the 
intense radiation of the burning coke—the cooling 
loss of the tuyeres was twice that of the tuyere 
coolers—it is considered that the total heat loss would 
actually be reduced. 
Tuyere Size 

The tuyere construction is shown in Fig. 3; 
the tuyere diameter is ?in. It was very difficult 
to forecast the optimum size without practical trial, 
and six sizes from } to 1} in. were tried during 
the earlier campaigns, but ? in. was the smallest 
size that could be kept clear without continual 
attention. A high tuyere velocity was considered 
necessary to ensure adequate blast penetration, so 
this size was finally adopted. 


Stack 


The stack was of firebrick, laid in two rings each 
44 in. thick, reinforced by external steel bands. 
Wear was very slight, although the outer bricks 
became displaced where they were not held by the 
bands. Superficial alkali attack during the previous 
campaign was made good with a ‘ plaster ’ of ‘ Ciment 
Fondu’ and crushed brickwork grog about } in. 
thick ; this was completely satisfactory and was still 
intact at the end of the campaign, except for a portion 
at the top of the stack where the temperature had 
been insufficient to form the ceramic bond essential 
with such material. This raises the possibility of 
constructing the entire stack out of refractory con- 
crete, which, with an outer layer of insulating brick 
and a containing steel jacket, could be easily repaired 
between campaigns and thus have a long useful life. 
The positions of the sampling holes are shown in 
Fig. 2 
Bells 

Figure 2 also shows the two bells ; the normal bell, 
No. 1, throwing all the material towards the wall and 
giving a pronounced V stockline, and the compensat- 
ing bell, No.5. The latter has two alternative modes 
of action : first, the charge can be placed inside the 
ring, so that dropping the bell throws the material 
towards the wall, though not to quite the same extent 
as the larger normal bell ; and second, the charge can 
be placed outside the ring and the bell and ring both 
raised, thus throwing the burden towards the centre 
of the furnace. A third mode is possible, viz., 
raising the ring only, leaving the bell stationary, .so 
that the material drops vertically, but this was not 
used as flexibility sufficient for the purposes of the 
tests undertaken could be obtained by varying the 
ratio in which the first two modes were employed. 

The double bell arrangement shown in Fig. 4 was 
used to give good circumferential distribution and to 
reduce gas leakage. This was used with both bells, and 
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in each case the small bell was rigidly connected to the 
large bell, the hopper resting on the small bell under 
its own weight. The diagram shows it in conjunc- 
tion with No. 5 bell, and in this case dropping the two 
bells together allowed the material to fall from the 
small bell on to the big bell and thence into the 
furnace. Raising the hopper allowed the material to 
fall outside the ring and took up the slack in the chains 
which connected the hopper to the ring, so that on 
raising the hopper further the ring was also lifted, 
permitting the bell to come with it because of the 
heavier counterweight. It will be noticed that there 
was no gas seal when charging, as there was when 
using No. 1 bell, for in that case the hopper was 
raised and lowered first, and then when the two bells 
were dropped together the hopper remained resting 
on the small bell, thus maintaining the seal. 
Blast Heater 

The hot-blast mains of the big furnaces were unsuit- 
able as a source of hot blast, so an independent blast 
heater was installed, based on a modification to the 
design of the heat exchangers used on recuperators 
at the Port Kembla Works,’ South Australia. This 
consisted essentially of two concentric cylinders with 
hot gas passing through the inner cylinder and the 
blast in the narrow annular space between them. 
Materials which could be obtained quickly had to be 
used, which ruled out the special steels which are 
preferable for such a purpose, so recourse was had to 
cast iron, steel, and firebrick. For the purpose of 
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Fig. 4—Arrangement of double bell and hopper 
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design the capacity was taken as 250 cu. ft./min. at 
700° C., t.e., 100° more than is actually required, and 
the heat-transfer surface area was calculated on the 
assumption of a uniform temperature of the inner 
cylinder of 800° C. using coke-oven gas alone, with 
parallel flow, as giving the minimum necessary area. 
The theoretical dimensions on this basis indicated a 
12-ft.long inner pipe, 2 ft. in dia., with a }-in. annular 
space between the two cylinders. The unit actually 
constructed is shown in Fig. 5; the plates forming the 
shell could not be bent accurately enough to leave 
an annular space of only } in., so this was doubled, 
and steel strips were inserted from the top where 
the irregularity of the shell left a larger gap. 

The ‘ Schieldrop ’ burner gives a highly turbulent 
rotating flame, so that combustion is complete within 
the refractory Venturi block. The heat transfer from 
the gas is mainly by radiation in the lower and hottest 
portion of the unit, but as the gas is cooled, this drops 
disproportionately, so that a baffle tube of cast iron 
was inserted in the top 4 ft. 6 in. of the combustion 
space to increase the heat transfer by convection. 

The brick lining inside the lower portion of the 
inner tube was largely a safety precaution to reduce 
overheating in case of blast failure, but it was also 
necessary to reduce the heat transfer in this zone, 
otherwise the heat loss from the lower portion of the 
outer cylinder, which had been left unlagged for the 
same safety motive, was excessive. The preliminary 
testing of the heater showed that this unlagged por- 
tion should not have been so great, but obviously 
the shell could not be lagged where it was not pro- 
tected by a brick lining. 
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Temperature Controller 

The burner was supplied with mixed coke-oven 
and blast-furnace gas, the usual procedure being to 
leave the blast-furnace-gas valve nearly fully open 
and to add enough coke-oven gas to keep the blast 
temperature at the correct value; this was done 
automatically by means of a controller (supplied by 
the B.I.S.R.A. Instrument Section) consisting of a 
resistance thermometer in the hot-blast line as one 
arm of a Wheatstone bridge circuit which actuated an 
amplifier to work a motorized valve on the coke-oven- 
gas line. The combustion air was drawn from the 
cold-blast main and was supplied in excess, so that 
there was always sufficient oxygen when the supply 
of gas was increased by the controller. The cold 
blast itself was taken from the blast mains supplying 
the big furnace stoves, a connection being made to 
both mains with a check valve in each so that the 
pressure was only slightly altered when one furnace 
was taken off blast. 

The heater ran with very little attention and quite 
efficiently for a parallel flow arrangement, for when 
supplying 150 to 250 cu. ft./min. of blast at 550° to 
650° C., the temperature of the waste gas was only 
about 100° C. above that of the hot blast. Such a 
unit is not expected to have a very long life, so a 
heater constructed of heat-resisting steel, which should 
be capable of supplying blast at up to 700° C. for a 
considerable period, is under consideration. 
Instruments 

The furnace was equipped with the instruments 
normally to be found on a blast-furnace plant, viz., 
blast temperature, flow, and pressure recorders, top- 
gas temperature and CO, recorders, and pressure 
indicator, stockline recorder and tuyere cooling-water 
flow meter, and also the stack and base thermocouples 
shown in Fig. 2; of these, 7’, to 7’; inclusive were 
connected to recorders, and the others to an indicator 
with a four-pole switch. The stockline recorder was 
of a novel pattern, and is shown in Fig. 6, from which 
its mode of action will easily be understood ; it was 
semi-automatic in action, 7.e., when started by a push- 
button, either at the furnace top or on the recorder, 
working through a relay, a contact on one of the arms 
kept it in motion until the rods were either full-out 
or full-in. 

GENERAL OPERATION 

The original intention was to operate the furnace 
on the basis of a similar throughput time to that 
obtaining in full-scale furnaces, indicating a blast 
volume of about 75 cu. ft./min.; it was found, 
however, that fluid hearth conditions could not be 
maintained so the blowing rate was _ gradually 
increased up to about 250 cu. ft./min. and was held 
at this value during all the trials described below. 

The burden, consisting of equal parts of Northants 
and Quenza ores, with the necessary limestone to 
maintain a slag ratio of 1-3-1-4, was weighed by 
hand into 2-gal. buckets ; each charge consisted of 
one bucket of burden and one bucket of coke, the 
latter being measured by volume in a cylindrical 
scoop holding about 12 lb. of coke. The size of each 
charge was thus scaled down linearly in approxi- 
mately the same ratio as the dimensions of the 
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furnace, though of course the number of charges per 
shift, about 170, was not in the same proportion. The 
sizes of the materials (ore nominally % to 1} in., and 
coke § to } in.) were likewise scaled down in about 
the same ratio; in practice, the breakdown of the 
ore between grading and charging, particularly the 
Northants, resulted in the burden containing between 
10 and 35% of ‘ fines ’ below 3 in. 

Casts of 5 to 8 cwt. were made every four hours 
into a sand pig bed, with a skimmer to separate the 
roughing slag, and three flushes of slag were made 
through the notch between casts. During normal 
operation, both notches could be opened easily with a 
bar, though oxygen was used if the furnace had 
become cold for any reason. Very little iron was 
obtained over the notch. The shallow depth of the 
slag layer was undoubtedly a contributory factor in 
causing the high sulphur content of the iron. 

The furnace was operated by three labourers on 
each shift, one a trained furnaceman for the frontside 
work, and two for the filling and charging. A techni- 
cal man was in charge each shift, both to supervise the 
working of the furnace and to attend to the various 
measurements and gas analyses described below. 


The furnace always had a tendency to scaffold 
formation, caused on more than one occasion by a 
period of irregular charging, and the stack thermo- 
couples were a great help in giving warning; the 
most effective remedy was a coke ‘ purge’; this 
consisted in charging only coke and flux until most of 
the stack was ore-free, and then gradually bringing the 
burden back to the normal figure. 


Outline of the Campaign 
The campaign consisted of four trial periods, and 
gas samples were taken by means of a probe during 
each trial. The procedure for carrying out a probe 
run is given later in the paper. Each sample was 
given a code number of the form : 1-2/3-4/5 
where, in this case, 1 = trial-period number 
2 = probe-run number in that 
period 
= sample hole used, number- 
ing from the top 
4 = distance in inches from 
centre of furnace at which 
sample was taken 
= sample number, indicating 
the order in which the 
samples were taken. 


w 


or 





Bowden] cable 











































Motor 
Pulleys 4 Syn. speed 
= ISOO rpm. 
3 
= 
Contact breaker 
DIAGRAM OF 
recorder | ate BP PULLEY 
pens ag hs ANGEMENT -— 








Flexible couplings 























SS 


‘ {71 

Le Gear omitted 
atk 
{ 4 || 





























Fig. 6—Stockline recorder 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


OCTOBER, 1949 











reé 
rul 





, dl 


wee Se VY 


wey Pe 


el 








INVESTIGATIONS ON AN EXPERIMENTAL BLAST-FURNACE 181 


An initial figure 0 indicates a preliminary run for 
testing the technique. 

The furnace was blown in at the end of March, 1948, 
a few weeks in advance of the actual trials. This 
provided an opportunity for studying the general 
operation and for testing the equipment. 

The burden was raised in stages and stabilized at 
10 lb. each of Ouenza and Northants ores, with 12 lb. 
of coke ; the blast temperature was 520° C. and the 
metered volume was 265 cu. ft./min. Under these 
conditions the metal was rather cold and of poor 
quality by normal standards, but since investigation 
of stack conditions was the primary object of the 
experiments it was considered more desirable to 
maintain a reasonable ore/coke ratio than a good 
grade of iron ; it was also anticipated that any change 
in stack conditions would have a greater influence on 
furnace performance when the furnace was being 
pressed fairly hard, whether as regards blast volume 
and/or metallurgical load. As far as possible similar 
conditions were maintained throughout the trial 
periods. 

Period 1 commenced on 9th May, 1948, at 6 A.M. 
and lasted for one week. Apart from a suspected but 
unconfirmed tuyere leak and a little scabbing, 
operation was steady. Two probe runs, 1-1 and 1-2, 
were made on 10th and 14th May, respectively. 

Before making the change-over to No. 5 bell on 
16th May, which occupied 3 hr., the furnace was 
given a coke purge. Charging was recommenced with 
a centre/wall ratio of 1 : 2, the actual sequence being 
lOXCY|OYCX|OYCY II, the letters X and Y 
indicating a throw to centre and wall respectively. 

The furnace became much warmer, iron analyses 
reaching 0-33° of silicon by 19th May, and probe 
run 2-1 was attempted the same afternoon. 


Approximate Sieve Analysis 


Temperature and Gas Composition 


Sample Time, min. Temp., °C. CO,, % 
1-0 0 931 5-95 
1-4 4 880 7-3 
1-8 2 860 5-1 
1-12 2 907 4-5 


Unfortunately only the top-hole samples were taken, 
owing to thermocouple failures, but conditions here 
were much more uniform across the stack, in marked 
contrast to previous runs. The furnace ran colder 
during the night and as this was maintained, period 2 
was recommenced on 20th May, with the probe in 
operation again on 2lst May, run 2-2. This test 
showed the stack to be hotter at the walls than at the 
centre, a complete reversal of conditions obtaining in 
period 1. Sieve analysis of the Ouenza in run 2-1 
revealed a definite reduction in average size, whereas 
in run 2-2 it was normal, and this must be taken into 
account when examining the data. At any rate, 
whether the period around the run 2-1 represented a 
transition stage from one flow pattern to another or 
was associated with the combined effect of a new 
and over-corrected segregation pattern due to the 
changed cycle and smaller material, the furnace 
became colder, and the period was terminated on 
23rd May. 

The next charging cycle was a ratio of centre : wall 
of 1 : 3, with the object of reducing the over-correction 
with a 1:2 ratio, the sequence being || OYCY| 
OYCX!OYCY!OXCY!!I, with increased throw 
towards the walls secured by lowering the stockline 
from 8 in. to 12 in. The furnace became warmer, 
but an increase in the hydrogen of the top gas indi- 
cated a leaking tuyere. Normal operation was 
resumed on 4th June and run 3-1 was carried out 


>in. Ftozin. < fin. on 7th June. For various reasons, only one further 
— “ay nee A Ba 82-5 od run, 4-1, was possible on 17th June, charging being 
| opnctoerte a ~~ Oe 20 15* all to the wall. The furnace appeared to be scaffold- 
Geko ... ous 83 16-5 0-5 ing shortly after and the campaign was terminated. 
* Down to dust General operating data are given in Table I. 
Table Ia 


OPERATING DATA 


Week Coke 


Ending Consumption, Slag Volume, Flue Dust, 
(1948) cwt. cwt. Ib 
April 
4 51-93 42.75 94.) 
11 76-00 70-20 178-0 
18 39-07 23-38 85-8 
25 32-82 19.66 57-5 
May 
2 26-84 14.29 51-5 
9 28 .34 15.47 83-3 
16 23-17 13-72 102.2 
23 25-88 14-82 82-8 
30 25-92 15-65 59.2 
June 
6 26-56 15-93 57-0 
13 24-16 13-18 32-8 
20 25-77 13-31 18-0 
27 25-14 14-11 
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Lb. of Coke per Total Fines, 
Cu. ft. of Air sq. ft. of Hearth, # in.), Bell and 
per Ib. of Coke average hr. % Charging Cycle 


17-8 No.10:C 


61-09 94. 
-1 No. 5 


W.. : 


2 25-4 
61-91 89-1 1 
(2 walls 
1 centre) 
66 -96 86-5 ec 
64-1 89.7 se ve 
62-1 92-6 14-5 No. 5 
(3 walls 
1 centre) 
65-2 88.2 21-0 No. 5 


(all walls) 


JOURNAL OF THE IRON AND,STEEL INSTITUTE 








182 


Coke : 11 Ib. 6 oz. to 12 Ib. 1 oz. (charged by volume) 


Limestone : 3 Ib. 4 oz. to 3 Ib. 8 oz. 
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Table Ib 


OPERATING DATA 


BURDEN 


Ore: 20 Ib. (Northants, dried raw 10 Ib. ; Ouenza 10 Ib.) 


PIG-IRON ANALYSES, % 


Period Si s Mn P 
1 0-18 0.37 0.39 0.94 
2 0-15 0-51 0-30 0-79 
3 0-13 0.47 0-38 1-04 
4 0-19 0.49 0-30 0-88 

SLAG ANALYSES, % 

Period siO, Al,O, cao MgO s 
1 33-60 16-60 42.4 3-4 1-02 
2 31-40 18.20 41-6 3-9 0-78 
3 32-20 16-00 41-8 3-9 0-89 
4 32-20 16-80 40:3 3°8 0-89 

FLUE-DUST ANALYSES, % 

Period Fe Cc co, 

1 32-2 16-3 3-3 

2 24-8 23-0 2:3 

3 28-7 22-1 2-3 

4 28-7 22-1 2-3 
Table Ic 


QOuenza Ore (as received) 


OPERATING DATA 
ORE ANALYSES, % 


3-60 


Northants Ore (as received) 


Period H,O Fe SiO, CaO Period H,0 Fe SiO, 
1 4.30 51-18 4-79 4-16 1 9-10 39.54 11-00 
2 3-40 53-18 4.44 3-48 2 8-50 38-52 11-80 
3 3-10 55-43 4-65 2-91 3 9.95 36-92 12-79 
4 1-06 55-90 4.35 3-11 4 6-4 40.44 10-86 

COKE ANALYSES, %—PROXIMATE ANALYSES (DRY) 
Period V.H.C. Ash s F.C. 
1 0-25 0-86 11-81 0-80 86-53 
2 0-50 0.59 10-01 0-80 88-1 
3 0.24 0-68 9.51 0-80 88-8 
4 0-08 0-77 9.44 1-00 88-79 
COKE-ASH ANALYSES, % 

Loss on 
siO, Al,O, Fe,O, P.O, MnO CaO MgO Ignition 
43-2 37-7 12-0 0-11 0-20 4.5 1-6 ° 0-7 

LIMESTONE ANALYSES, % 
Period sio, (FeAl),O, CaO MgO 
1 1-0 1-1 54-5 0-1 
2 1-68 0-8 53-2 0-7 
3 1-00 1-0 54-3 1-0 
4 1-60 2-2 53-2 0-65 
SIEVE ANALYSES OF RAW MATERIALS, % 
Probe Run No. 
1-1 1-2 2-1 . 2-2 3-1 4.1 
Northants Ore 
+3 8 11 16 8 53 2 
3-3 48 63 55 52} 54 33 
— 44 26 29 393 40} 65 
Ouenza Ore 
+3 724 80 74 80 99 6 
3-3 34 18 823 17 1 913 
—3 24 2 10 3 23 
Limestone 
- 3 3 2 65 4 4 3 
3-3 36} 38 20 694 864 884 
-3 604 60 14} 30 13 8} 
Coke 
| $ 80 63 83 81 73 764 
3-3 19} 31 164 17} 22 21 
—} } 6 4 4 5 24 
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EXPERIMENTAL PROCEDURE 


The collection of data for the four trial periods 
necessitated continuous records of all in- and outgoing 
materials, together with the relevant measurements 
fer the compilation of heat balances ; this avoided the 
necessity for fixing the precise duration of any trial 
period in advance. In addition it was hoped that it 
would be possible to make two probe runs in each 
period. 


Heat- and Material-Balance Data 


The heat- and material-balance data must be 
considered from two aspects, firstly that of the 
accuracy of the figures obtained, and secondly that 
of the constancy of conditions obtaining over short 
or long periods, or on a return to a previous state. 


Analyses 

Analyses were carried out at the blast-furnace 
laboratory of the Shelton Iron, Steel and Coal Co., 
Ltd., by the works staff. Silicon and sulphur were 
determined on each cast for general information ; for 
complete analysis, cumulative samples of iron and 
slag were collected from each cast and flush respect- 
ively throughout a trial period. Similarly, samples 
of the ores, coke, and limestone were taken each shift 
and combined, being analysed at the end of each 
period. Thus, although no complete analyses of 
iron, slag, or raw materials were available at other 
times for control purposes, fairly reliable figures were 
obtained covering the duration of each trial. 


Raw Materials 

A rough sieve analysis was carried out on each of 
the two ores, coke, and limestone, a few hours before 
each probe run; as can be seen from the figures on 
p. 181, the variations in composition were not suffi- 
cient to cause concern, though this was not true of the 
size grading of the ores. In particular, the fines 
(under 3 in.) in the Northants ore varied from 
approximately 25 to 50%. 

The ores and limestone were weighed in buckets 
on a spring balance with a 12-in. dial, graduated in 
4-0z. divisions ; judging by the iron yields, the error, 
about 4 oz., was usually on the high side. The coke 
was measured by volume in a scoop, the average 
weight of five scoops being taken once each shift, at 
the same time at which the cumulative sample was 
drawn. Normal variations in coke volumes were 
small (under 2°), but substantial variations in weight 
were caused by the unequal distribution of up to 
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3 or 4% overall of dust. This made the variations 
on scoopfuls taken successively from the same heap of 
coke as large as those from shift to shift, which meant 
that the average of five weights recorded each shift 
was not a true mean ; over a period of several days, 
however, the number of weights was sufficient to 
obtain a fairly reliable figure. Standard deviations 
of these and other recorded figures for each of the 
trial periods are given in Table II. 


Iron, Slag, and Flue Dust 

A 10-cwt. platform balance, graduated in 1-lb. 
divisions, was used for weighing iron, slag, and flue 
dust, and apart from a small amount of sand pick-up, 
weighings were undoubtedly very accurate. 

The iron and slag temperatures were measured with 
a total-radiation immersion pyrometer, designed and 
made in the B.I.S.R.A. Physics Laboratory. These 
temperatures could be measured in as little as 5 sec., 
but as two operators were required, use of the 
pyrometer was limited to the day shifts. Un- 
fortunately the instrument was available only for 
part of the campaign, so the earlier temperatures 
were estimated. Possible errors are reflected in the 
heat balances to the extent of under 1%. 


Blast 

The blast volume was recorded on a differential 
flow meter, working from a standard orifice plate, 
and judging by the small difference between the blast 
volume as measured and that as calculated from a 
carbon balance, leakage was low (normally under 
5%). 

The blast temperature was recorded by means of a 
bare thermocouple situated in the blast main 
immediately before the entry to the bustle pipe. The 
blast temperature was kept constant at this point 
to + 5° C., but measurements with a bare and 
shielded couple in the entrance to the blow pipe and 
in the blow pipe itself, indicated a drop of some 
30° C. to the far side of the bustle main, and further 
drops of 30° in the swan-neck and blow pipe ; 
assuming that the total drop remained constant, the 
blast temperature is subject to an error of + 10° C. 
Top Gas 

The top-gas temperature was measured by a thermo- 
couple with a 0-35-in. external dia. sheath, situated 
in the off-take close to the dome, and the calculated 
error due to being in an unlagged pipe is 60° C. for a 
clean non-radiating gas ; it can be assumed that dust 
in the gas reduced this figure considerably, both by 





Table II 
SUMMARY OF GENERAL PERFORMANCE OF FURNACE DURING EACH TRIAL PERIOD 
Period 1 Period 2 Period 3 Period 4 
Duration, shifts m3 . 21 10 11 5 
Iron make, Ib./shift 1795 + 158 (8-8%) 1624 + 108 (6-7°%,) 1688 + 85 (5-0%) 1516 + 90 (5-9%) 


1233 +. 151 (12-3%) 
175 + 9-62 (5-5%) 
316 + 20-6 (6-5%) 
7-93 + 0-74 (9:3%) 


1143 + 68 (59%) 
173 + 10-1 (5-9%) 
314 + 25-7 (8-2%) 
8-37 + 0-40 (48%) 


1066 + 83 (7-8%) 
161 + 4-49 (2-8%) 
353 + 30-6 (8-7%) 
8-8 + 0:46 (53%) 


1182 + 111 (9-7%) 
172 + 7-52 (4:4%) 
361 + 32-8 (9-1%) 
8-6 + 0-24 (2:8%) 


Slag volume, Ib./shift 
Rounds/shift 

Top-gas temp., °C. 
Top-gas CO,, %, 


Wt. of coke charge .. . 11 Ib. 15 oz. + 7-05 (3-7°,) 11 Ib. 9 oz. + 7-64 (4°1%) 11 Ib. 3 oz. + 13-5 (7-5%,) 11 Ib. 6 oz. + 2-58 (1:4%) 
Iron unaccounted for, % .. —7:2 0-2 —0-03 —6°7 
Heat out of balance, % —10-2 —3°5 -5-0 —4°6 


Calc. blast vol., cu. ft.;min. 244 246 236 228 
Blast volume (metered) 265 cu. ft./min. Ore burden : Ouenza 10 Ib. 0 oz., Northants 10 Ib. 0 oz., Limestone 3 Ib. 8 oz. 
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radiating to the couple sheath, and by shielding it 
from the cold walls, so that the probable error was 
not unduly large. This record (on a four-point 
instrument at 2-min. intervals) resulted in a series of 
dots, mostly in a band about 150° wide. It was 
found that the only way to obtain a good average 
was to count the number of dots in each 20° band. 

The CO, was recorded on an Electroflo CO, recorder, 
but the analysis for the heat and material balances 
was obtained by collecting cumulative samples for 
each shift at a constant rate over mercury and 
analysing them in duplicate on a Bone and Newitt 
apparatus for CO,, CO, CH,, and Hy. 


Heat Losses 

Heat losses are particularly important in a unit of 
this size if an accurate heat balance for the hearth 
region is to be obtained. The cooling water for the 
tuyeres and their coolers was measured by means of a 
standard orifice plate, the flow and the temperature 
rise being noted once during each shift. The heat 
loss was found to vary by as much as 10% about the 
mean over a short period, and was much higher when 
the slag was well up to the tuyeres; hence the 
accuracy of the average heat loss over a period of less 
than a week is not high. It was also found that the 
heat loss from the tuyeres was about twice that from 
the tuyere coolers. 

The stack losses were measured immediately after 
each probe run by means of a surface pyrometer. 
Since these losses are a small factor in the overall heat 
balance, the error is important only when investigat- 
ing the heat balance in stages. 


Constancy of Operation 
Apart from such factors as those already mentioned, 
the constancy of operation was liable to be affected 


over a short period by such things as a period of 


erratic charging, which has been known to start a 
scaffold, or an undetected leaking tuyere, the latter 
happily rare. The major factor affecting uniformity 
over a long period was wear of the bosh wall, and it is 
thought that this was mainly responsible for the 
erratic working at the end of the campaign. 


Table III shows the mean values and deviations of 


some of the operating data. The variation in the 
number of rounds charged per shift could have been 
only partly caused by inexact timing of the shift, the 
major part being presumably due to the variation 
in coke weight mentioned above. The large variation 
in CO, content of the top gas, particularly in period 1, 
leaves room for considerable improvement. 

In an attempt to ascertain the major causes for 
these fluctuations, they have been plotted in Fig. 7, 
for periods | and 2, respectively, together with other 
relevant data, with figures from the heat and material 
balances. Some of them can have no significance 
when applied to one shift, so rolling averages for three 
successive shifts are shown. It was expected that the 
number of rounds would vary inversely with the 
weight of the coke charge, and Fig. 7b does show a 
good negative correlation between these figures. 
Figure 7a, however, shows an equally good positive 
correlation, which would indicate that the heavier 
the constant volume of coke, the less carbon it 
contained ; this could only be due to a large variation 
in ash content ; in any case the effect of the variation 


Table III 
FURNACE OPERATION AND PERFORMANCE DURING THE TRIAL PERIODS 1 TO 4 
Period 1 Period 2 Period 3 Period 4 
Date commenced (1948) bis bi Es a May 9 May 21 June 4 June 7 
Duration, hr. ... a ee hy ee sale 168 80 88 40 
Blast : 
Calculated dry vol., cu. ft./min. ae ee 242 244 234 228 
True temperature, °C. ; °F. Be. Spe an 520 ; 968 512 ; 954 519 ; 966 517 ; 963 
Humidity, lb./10* x cu. ft. es $55 it 5-7 5.9 5-7 5-1 
Rounds/hr. oe ve oe = a ve 21-8 21-5 21-6 20.2 
Fines, °% ay nae = oe a —F 25 15 14 21 
Iron : 
Make, Ib./hr. ae ras - ae as 222 204 211 190 
gk % ; : es ~ 3 ve .. 0-18+40-07 0-15+0-07 0-13+-0-05 0-19+0-11 
Ss, 0.37+.0-11 0.51+40-15 0-47+.0-15 0.49.0-14 
C, 3-45 2-83 3-43 2-83 
Slag \ oa.) “Ib. /ton of pig iron 1540 1630 1510 1580 
Ratio CaO) /Sio, - 1.26 1.32 1-30 1.25 
Coke : 
Consumption, Ib. (as received) /ton 2626 2737 2577 2710 
Charged, Ib. (as received) /hr. 260 249 242 229 
Coke carbon gasified : 
Lb./ton of pig iron 2140 (94-59%) 2310 (95-9°%,) 2185 (95-5°%,) 2288 (95-8°%,) 
Lb./hr. ; YF 212 210 205 193 
Solution loss, ‘of 7-9 5-6 8-6 5.2 
Direct reduction :* 
(a) iA. -48-0 40.7 45-8 38-4 
(b) ‘ 15-7 14-6 21-4 8-8 
Flue-dust loss, ‘Ib. ton ‘of pig iron 104 87 30 (18) 
Top-gas : 
arama _ (es 316 ; 601 361 ; 682 314 ; 597 353 ; 667 
th a ‘ ae 7-93 8-60 8-37 8-80 
co, 29.53 28 -60 29-18 28 -2 
Ratio ‘cO/CO, 3-72 3-32 3-48 3-21 


* (a) Calculated from CO, in top gas after correcting for burden. 
(b) Calculated from carbon burnt by calculated blast. 
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Fig. 7—Variation in operating data from shift to shift. ‘ Rolling’ averages for three consecutive 
shifts. (a) Period 1, (b) period 2 


in the amount of dust referred to above, as causing 
large variations in the weight of successive scoops of 
coke, was evidently swamped by some other factors. 

The fair correlation between number of rounds 
and iron make indicates that the errors in weighing 
tend to cancel out. 


Probe Investigations 

The water-cooled sample probes (Fig. 8) were made 
with only two concentric tubes, instead of three, to 
keep the outside diameter as small as_ possible ; 
enough water is forced up to the nose for effective 
cooling, and in practice they have been very satis- 
factory. The gas sample is taken off through a side 
arm and the thermocouple is inserted along the tube, 
the junction projecting $ in. beyond the nose of the 


3-5” overall 


probe itself. Preliminary trials, made to determine 
the necessary projection to avoid any cooling by 
radiation to the water-cooled surface, suggested that 
there was a slight effect at } in. projection, so it was 
fixed at } in. 

The thermocouple assembly consisted of a 
Pt/Pt-Rh thermocouple (0-1 mm. dia.) in twin-bore 
insulators, enclosed in a 16-gauge, }-in. copper tube, 
and projecting } in. beyond the end; the actual 
junction was protected by a little sodium-silicate/grog 
cement moulded over it, so that the outside diameter 
was about }in. The compensating lead was stripped 
of its rubber covering and re-insulated with the 
thinnest possible layer of tape, so that it would slide 
easily into the copper tube. The junction was 
renewed and the couple was tested after every run. 
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Fig. 8—Water-cooled sampling probe 
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The procedure for carrying out a probe run was 
as follows: The sample holes were pared out until 
they were nearly through ; one probe was hammered 
in at the top hole until the nose was in the centre of 
the furnace, the end of the inner tube being closed 
by a }-in. rivet. The rivet was pushed into the 
furnace, the thermocouple was inserted, and a second 
probe and couple were introduced into the third hole 
in the same manner. As soon as the temperature 
indicated by the top couple was steady, it was noted, 
the gas sample was collected in a test-tube over 
mercury, and the temperature was noted again, 
together with the time. The top probe was then 
withdrawn to the next position, and was usually 
reading a steady temperature a few seconds after the 
time the reading and sample had been taken from the 
lower probe, which was then withdrawn to its second 
position. Temperatures and samples were taken at 
four points in each plane, and the procedure was 
repeated at the second and fourth levels. The 
record time to take four samples at each of four 
levels was 16 min. The delaying factor was normally 
that of obtaining a steady temperature reading, the 
gas-sampling line being flushed-out in well under 
4min. Closing the top-gas outlet valve momentarily, 
enabled the sample to be taken within a second or 
two, so that the two temperatures were taken almost 
simultaneously. 

The gas samples were stored over mercury until 
analysed in the Bone and Newitt apparatus. The 
CO, and CO were usually determined in duplicate, 
together with the oxygen if there was any reason to 
suspect a sample, but time did not permit the deter- 
mination of many values of CH, and H,. It is 
worth mentioning that the samples would store 
indefinitely only in clean tubes over clean mercury, 
otherwise diffusion would take place along the glass— 
mercury interface. 


Preliminary Tests 

The test to determine the necessary thermocouple 
projection has already been mentioned, while at the 
same time it was found that the delivery pipe was 
flushed-out by the gas in well under 30 sec. 

Run 0-3 was undertaken to investigate (a) the 
stability of conditions at one point in the furnace ; 
(6) whether the temperature indicated by the thermo- 
couple was the gas temperature or that of the surfaces 
of the particles surrounding the couple ; and (c) the 
differential in (b). The probe was inserted to point 
1-4, and the first thermocouple (with a junction 
covering of } in.) was introduced ; this failed and was 
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replaced by a second couple (with 3-in. covering). 
Temperatures were noted every 15 sec. for several 
minutes, then the couple was withdrawn, the coating 
was knocked-off, and the couple was again inserted. 
This procedure was repeated with a third couple 
having a covering of }-in. dia. Gas samples were 
taken intermittently throughout the period of the 
test. The results are shown in Fig. 9. Uncertainty 
as to the gas velocity at any point in the furnace 
makes precise calculation difficult, but it is easily 
shown that with a bare couple the temperature 
indicated will be very close to that of the gas, whereas 
with a covered junction it represents that of the 
surrounding surface. Figure 9 shows no signi- 
ficant difference between the values, so gas and 
particle-surface temperatures were within 10° C., 
though thermocouple contact with adjacent lumps 
might modify the picture. Furnace conditions were 
not particularly steady at that time, e.g., the blast 
temperature rose by 20° during the test and the CO, 
also fell ; these variations were considerably less than 
those expected at points on one level across the stack. 


EXPERIMENTAL RESULTS 

The experimental results may be conveniently 
divided into two main groups. 

Group I deals with the probe investigations ; the 
data secured, together with rough sieve analyses 
carried out prior to each run, will be found in Tables 
XII-XVI and in Figs. 9-20. As the usefulness of 
the gas analyses in their original form is rather 
restricted, they have been recalculated on a molecular 
basis to show the changing oxygen content in the 
stack, both laterally and vertically, and are plotted 
in Figs. 12 and 13. 

Group II deals mainly with heat- and material- 
balance data (Tables IV—XI) ; Table II summarizes 
the general performance of the furnace during 
each of the trial periods. Although not inten- 
tionally, conditions did in fact fluctuate over the 
main part of the campaign; the calculated blast 
volume, for instance, in periods 3 and 4 was lower 
than in periods 1 and 2, probably owing to blast leaks 
which developed during the trials. It will also be 
seen that iron and slag makes vary rather arbitrarily. 
It is interesting to note that although the furnace was 
colder during period 2, the coke consumption was 
actually higher than in periods 1 and 3; this fact 
may have influenced the solution-loss and direct- 
reduction figures for period 2, although high values 
for both CO, and top temperatures occurring simul- 
taneously suggest increased carbon deposition. The 
decrease in flue dust in successive periods is probably 
significant in the first three cases, but not in the 
fourth as the downcomer was blocked and the 
bleeders were kept open. Wear on the bosh lining 
in period 4 makes comparison of the operating results 
with other periods very difficult. 

In view of the interdependence of gas flow and 
burden movement it will be well to consider the data 
first of all in their broader aspects and to leave the 
more complex interpretation until the end of the 
section. Perhaps the best starting point is a survey 
of the pictorial representation of stack conditions as 
illustrated in Figs. 10 and 11. 
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Fig. 10—Iso lines : temperature and CO,. Runs 1-1, 1-2, 2:2, and 3-1 
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The Influence of Changes in Distribution on .Tempera- 
ture and CO, Contours 

Neglecting for the moment any changes in ore 
grading, it is at once evident that changes in the 
method of charging produce marked alteration in the 
stack temperature and the CO, distribution. The 
general principle obtains that the maximum tempera- 
ture and minimum CO, are associated with the region 
of coarse material as predicted from the charging 
cycle; thus, by controlling the distribution, the 
temperature gradient and chemical changes taking 
place in various stack regions can be modified 
extensively. No. 1 bell is known to give a V stock- 
line, and the general shape of the isotherms and 
equal CO, lines for runs 1-1 and 1-2 follows the 
expected pattern. It will be seen from a comparison 
of the data recorded in Special Report No. 18,8 on the 
field tests at the Appleby-Frodingham Steel Company, 
that the contour patterns and actual values at 
corresponding levels in the stack are markedly similar. 
Probe run 2-2 shows a complete reversal of the 
pattern; moreover, both this and the succeeding 
probe runs show a striking and gradual progression, 
even in minor details, until in run 4-1 the cycle of 
transitions has been completed, returning almost to 
the same type of pattern as that associated with 
run 1-2, the successive stages being approximately V, 
relatively level, broad M, and slightly lipped V. 

It is not advisable to attempt an exact definition 
of the contour when employing compensated charg- 
ing, since it varies throughout the particular cycle 
employed. The object of compensation is not 
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necessarily to maintain a level stockline, but rather to 
ensure the minimum of channelling by breaking up 
any closely repetitive pattern that would facilitate 
preferential gas flow in some particular region, and 
herein lies its advantage over the normal methods of 
charging. 

It is not suggested that any of the patterns con- 
tained in this report are examples of the ideal. The 
aim throughout the trials has been to show that 
variations in temperature and CO, across a plane in 
the stack can be controlled within wide limits, as 
indicated by the following : 


Plane 1 Plane 4 

Probe Run Centre Wall Centre Wall 
Carbon dioxide, %, 

1-1 1-6 9-1 0-15 0-3 

2-2 13-5 3-4 5-3 0-3 
Temperature, °C, 

1-1 878 678 1000 915 

2-2 580 808 883 920 


The optimum conditions for any particular furnace 
or burden to secure maximum smoothness of operation 
with the minimum coke rate and maximum produc- 
tion, must be the subject of further examination. It 
may of course be possible to standardize a cycle to 
some extent, but the fact seems likely to remain that, 
from one cause or another, furnaces possess a certain 
individuality, and it is only by providing flexibility in 
control that any particular furnace will function at 
maximum efficiency. 


Material and Heat Balances 
Balance sheets are given for the four periods in 
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19:0 19-0 
a Stock line + + Stock line + 
EXPERIMENTAL | title EXPERIMENTAL 
VALUES VALUES 
Plane |: ane | 
5 237,249, 226,113 13-4,85,190, 17 
7s ; 
. Plone 243.5973 1221.9) 0.183.105, 75 
Plane 3: 
| 
4: 4 
wi : [tai 5-8 44 — . - a5 7)3 6.H,(-1-0) 
fee | 
| 
S Fig. 13—Iso lines: oxygen gain. Runs 1-2, 2-2, 3-1, and 4-1 
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194 SAUNDERS, BUTLER, AND TWEEDY : 
Table VIII 
HEAT BALANCE FOR TRIAL PERIOD 1 
“Tne.” 10° B.Th.U./hr. % 
INPUT ABOVE 0° C. 
Ib. x B.Th.U./1d. 
Combustion C-+CO, 14,105 x 355 5010 496 32-7 
Combustion C-+CO 3959 x 1790 7085 701-5 46-3 
Slag formation 230 x 1537 355 35 2:3 
Fe,C formation ... 780 x 77 60 6 0-4 
Sensible heat in blast ... Oe 936 x 0-249 x 11,200 2610 258-5 17-0 
Sensible heat in H,O of blast ... 89-5 (1151 + 356) 135 13-5 0.9 
Sensible heat of burden ee 7800 x 0-23 x 30 54 5-5 0.4 
Input total 15,309 1516-0 100-0 
OUTPUT ABOVE 0° C, 
Reduction of Fe,O,—Fe 2100 x 3199 = 6715 
Pr », FeO > Fe 20 x 2076 = 40 
Less FeO in slag ... mo 
6755 659 44.1 
Reduction of SiO, 4-7 x 13,044 61 6 0.4 
in » MnO 8-7 x 3051 27 3 0-2 
ss o FsO; ne 21-1 x 10,458 221 22 1.4 
Dissociation of CaCO, ... 812 812 80 5-3 
as s9 BOGGS, ... — bse ae ‘ue 
te »» Fe(OH), 326 x 757 247 24 1-6 
e », MgCo, ee 6-7 6-7 1 0-0 
7 », Ca phosphate 21-1 x 4650 98 10 0-6 
Formation of CaS oes soe abe 15-7 x 3442 54 5 0.4 
Dissociation of H,O in blast... bs 89-5 x 5780 517 51 3-4 
ss ey “eo 6-3 x 61,472 390 39 2-5 
Sensible heat of gas... vr = 2 2,111,000 2111 209 13-8 
- oo tes Maate Bene... ; 67 x (1151 + 164) 746 74 4.9 
” +» 9, flue dust 104 x 0-23 x 569 14 1 0-1 
a ~~» metal 475 x 2240 1065 105 7-0 
= i v¢ Slag 620 x 1537 951 94 6-2 
Cooling losses : 
Tuyeres ... 2246 222 14.7 
Stack 260 26 1-7 
Bosh 295 29 1-9 
Output total | 16,877 1660 110.2 
Input total ... 15,309 1516 100-0 
Difference | — 1568 —144 —10-2 
i 























Tables IV-XI. If examined critically, they leave a 
good deal to be desired, but if judged by comparison 
with any corresponding set of data on a full-size 
furnace they are at least equal, and in many cases 
superior, to anything yet available in this country. 
In spite of much care in their compilation, there are 
obvious discrepancies, more particularly perhaps in 
the oxygen figures. Such can only be ascribed to 
fluctuations in analysis that escaped the method of 
sampling, and to attain greater accuracy would have 
involved a substantial multiplication of the sampling 
effort out of all proportion to the general running 
of the campaign. 

It will be noted that heat losses have been measured 
and not taken by difference in the customary way ; 
in all cases there is an apparent surplus of heat over 
the input. - No attempt has been made to equate 
them, and the figures will be considered as they 
stand. The high tuyere cooling losses, nearly as 
large as the sensible heat in the blast, will be noted. 
Instead of a normal figure of under 4%, this amounts 
to 15% of the total input, which in effect means that 
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the coke rate is up by more than 4 cwt. (combustion 
being only partially to CO) on this item alone ; could 
this be reduced to normal, a coke rate of less than 
20 ewt. might be anticipated, representing a very 
reasonable figure for the burdening of the small 
furnace. This would again be reflected in a corre- 
spondingly higher top-gas CO,. 

Turning again to Tables II and V-XI, indirect 
reduction is lowest with normal charging. Since 
operation is outside the range where such high 
percentage of direct reduction can be economical on 
carbon, this can only mean that either of the 
alternative charging cycles can effect an improvement. 


Progress of Reduction 

The next series of curves, Figs. 12 and 13, from 
Tables XII-XVI, refer to oxygen gains by the gas at 
various levels in the stack as deduced from gas analy- 
ses in the various proberuns. From the gas analyses as 
they stand, it is possible to visualize only the overall 
changes in COQ,, irrespective of whether these are 
associated with reduction, decomposition of carbon- 
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Table Ix 
HEAT BALANCE FOR TRIAL PERIOD 2 
3 / 
10 Pisin 10° B.Th.U./hr. % 
INPUT ABOVE 0° C, 
Ib, x B.Th.U./Ib. 
Combustion C + CO, ... iy wee 432 x 14,105 6093 554 35-8 
Combustion C — CO 1883 x 3959 7455 678 43-7 
Slag formation 1632-5 x 230 376 34 2-2 
Fe,C formation 63-4 x 780 49 4 0.3 
Sensible heat in blast . 12,302 x 0. 249 x 936 2867 261 16-8 
* 49 99, da blast 94.8 (1151 ++ + [0- -481 x 756]) 144 13 0-8 
am 9 CE burden 8306-4 x 0:2 23 x 30 57 5 0-4 
Input total 17,041 1549 100-0 
OUTPUT ABOVE 0° C. 
Reduction of Fe,O, + Fe 2146-3 x 3199 = 6866 
* », FeO > Fe 24-0 x 2076 = 50 eee 
Less FeO in slag .. 26-1 x 2076 = 54 ae Ra + 
6862 624 40:3 
Reduction of SiO, 3-1 x 13,044 40 4 0.2 
” » MnO 6-8 x 3051 21 2 0-1 
P,O, 17-8 x 10,458 186 17 1-1 
Dissociation of ‘CaCO, 1060-4 x 788 836 76 4.9 
” ” FeCO, 13-9 « 588 8 1 0-0 
“a = Fe(OH), 350-8 x 757 266 24 1-6 
‘7 » MgCo, Re 24-5 x 570 14 1 0-1 
~» Ga Phosphate 17-8 x 4650 83 8 0-5 
Formation of CaS es 12-7 « 3442 44 4 0-3 
Dissociation of H,O in ‘blast 94.8 x 5780 548 50 3-2 
5 4g ORO 3-2 x 61,472 197 18 1-1 
Sensible heat’ ‘of gas... — 2,627,000 2627 239 15-4 
es > op SER aS: 857,000 857 78 5-0 
Be ae flue dust 86-9 x 0-23 x 650 13 1 0-1 
* + 9» metal 2240 ~ 475 1062 97 6-2 
99 » 9» Slag 1632-5 x 620 1011 92 5-9 
Cooling losses : 
Tuyeres ... 2412 219 14.2 
Stack 332 30 1-9 
Bosh 231 21 1.4 
Output total 17,650 1606 103-5 
Input total ... 17,041 1549 100-0 
Difference —609 —57 —3.5 

















ates, carbon solution, or deposition. The figures have 
therefore been converted to (a) molecular ratios, 
taking nitrogen as 100, (6) atoms of carbon and oxygen 
per 100 mols. of nitrogen, and (c) carbon and oxygen 
gains per 100 mols. of nitrogen. The first set (a) are 
the respective percentages multiplied by 100/% N. 
the second (b) are the sums of twice the CO, and CO 
mols. and the sums of the mols. CO, + CO, while 
figures under (c) are the differences between series (5) 
and the initial tuyere gas formed by burning coke in 
air of the measured moisture content. Some of the 
hydrogen figures are incomplete, but sufficient 
analyses were available to satisfy the assumption that 
the selected value was not in appreciable error. 
Stack and bosh wall temperatures are also shown. 

In addition to the data already mentioned, the 
following have also been plotted, Figs. 14-20 : 


(a) CO,, CO/CO, ratios, oxygen and carbon gains 
against stack position. 

(b) CO/CO, ratios, oxygen and carbon gains against 
temperature at corresponding points with equilibrium 
C-CO-CO, curves included. 
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It will be seen that with very few exceptions CO, 
percentages, temperatures, and CO/CO, ratios are 
mutually consistent, but this is not so with the 
oxygen values ; in such cases a minimum number of 
new values have been chosen which best fit both the 
position and temperature graphs and Figs. 15-20, and 
all adjusted points are shown in parenthesis. This 
method is open to some criticism, for alternative 
interpretations might be possible in some instances ; 
these curves should accordingly be regarded in their 
general trends rather than in detail. Seven appar- 
ently inconsistent experimental figures in Figs. 10 
and 11 are also bracketed. 

It was not possible to keep the gradings of both 
burden and coke as constant throughout the trials 
as had been hoped. These materials were screened 
at source, but suffered the inevitable degradation in 
transport and handling. As the main object of the 
trials was to study the effects of segregation, the 
presence of 20-30% of fines in the burden was 
desirable, but the variation was wider than was 
expected. The only alternative to accepting the 
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198 SAUNDERS, BUTLER, AND TWEEDY : 








Table X 
HEAT BALANCE FOR TRIAL PERIOD 3 
tO Pie ee” | 10° B.Th.U,/hr. % 
INPUT ABOVE 0° C. 
Ib. x B.Th.U. /Ib. 
Combustion C -> CO, 392 x 14,105 5529 520 34-8 
Combustion C - CO 1793 x 3959 7098 667 44.7 
Slag formation oe 1513 x 230 348 33 2-2 
Fe,C formation ... “i vr 77 x 780 60 6 0.4 
Sensible heat in blast ... ins 11,410 x 0-2489 x 936 2658 250 16-8 
ae » » H,O of blast 85 x (1151+ [0-480 756)) 129 12 0-8 
on », Of burden : 7932 x 0-23 x 30 55 5 0-3 
Input total ... 15,877 1493 100-0 
OUTPUT ABOVE 6° C. 
Reduction of Fe,O, — Fe 2116 x 3199 = 6769 sei a 
a », FeO —> Fe 23-3 x 2076 = 48 = ae 
Less FeO in slag ... 19-7 x 2076 = 41 Bs a 
6777 637 42-6 
Reduction of SiO, 2 x 13,044 26 2 0-2 
ms » MnO 8-5 x 3051 26 2 0.2 
e oo Pas se ee -. 23-3 x 10,458 244 23 1-5 
Dissociation of CaCO, ... sb ... 916-6 x 788 722 68 4-5 
ne »» FeCO, ... q Sp pes +e a be a -_ aes 
of +», Fe(OH), 328-8 x 757 249 23 1-6 
- » MgCO, sss 58-4 x 570 33 3 0-2 
o », Ca phosphate 23-3 x 4650 108 10 0-7 
Formation of CaS ae sos 13-5 x 3442 46 4 0-3 
Dissociation of H,O in blast... 85 x 5780 491 46 3-1 
e ra ss ae OO 6 x 61,472 369 35 2-3 
Sensible heat of gas_... oe 2138 ,000 2138 201 13.4 
= » sv in gas... 590-5 x (1151+ [0-463 x 385}) 785 74 4.3 
” °° ” flue dust 30 x 0.23 x 565 4 0 0-0 
ne +» 9» metal 2240 x 475 1064 100 6-7 
% » 9» Slag 1513 x 620 938 88 5.9 
Cooling losses : : 
Tuyeres ... 2293 216 14.4 
Stack 300 28 1.9 
Bosh 198 19 1.2 
Output total 16,812 1580 105-0 
Input total ... 15,877 1493 100-0 
Difference —939 --87 —5.0 




















material as received would have been to screen-out all 
fines and re-mix a standard proportion ; this would 
have meant a correction on every bucket of material 
charged and, with the staff and other facilities 
available, was out of the question. Whilst such 
variation may not affect the broader aspects of the 
investigation, it is reflected when analysing the result 
in detail. 


General Interpretation of Data 

In general terms the stack contours reflect the gas 
flow pattern, but more strictly they are controlled by 
the varying burden/gas ratios throughout the stack 
and by several minor factors. A high burden/gas 
ratio will clearly give rise to a correspondingly high 
CO, and oxygen gain with lower temperature ; it is 
therefore desirable to summarize the principles which 
govern the burden and the gas flow and hence give 
rise to the variations in this ratio. 

Gas Flow—The factors influencing gas flow are as 
follows : 

(a) Size distribution; gas flow resistance is in- 
creased by all fine material. 
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(6) Burden composition; gas flow resistance is 
decreased by a high coke/ore ratio as the coke is more 
open and does not disintegrate. 

(c) Initial flow pattern at the tuyeres; the burden 
in this region is mainly coke (some of which may have 
suffered breakdown) and molten material. Many 
effects due to initial segregation at the stockline must 
have disappeared, though where the radial tempera- 
ture gradients are severe, slagged fines may present 
a barrier to horizontal penetration. In the absence 
of positive information regarding gas velocities in this 
region it seems reasonable to postulate that the 
initial flow is determined largely by the shape of the 
combustion zone in front of each tuyere, where pressure 
will tend to be uniform and the gas will move in the 
direction of least resistance once outside any barrier 
presented by slag formation. This will generally 
result in a decreasing gas velocity from wall to centre. 
The effects of sizing will become predominant above 
the melting zone. 

(d) Channelling; this may occur in an irregular 
manner and when present will exert a disturbing 
influence on the data. 


Stock Movement—The following points should be 
noted with regard to influence on stock movement : 


(a) In general, material moves more freely near the 
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Table XI 
HEAT BALANCE FOR TRIAL PERIOD 4 
OT Pig eee | 10° B.Th.U./br. % 
INPUT ABOVE 0° C. 
Ib. x B.Th.U,/Ib. 
Combustion of C - CO, 451-5 x 14,105 6368 538-7 37-2 
i »» C->CO 1836-2 x 3959 7270 615-1 42-4 
Slag formation sea 1576 x 230 362 30-7 2-1 
Formation of Fe,C : oe 63-4 x 780 49 4.1 0-3 
Sensible heat in blast ... aa 12,278 x 937 x 0-249 2862 242-0 16-7 
7 +> 93 H,O of blast 117-1 x (1151+ [0-480 x 756]) 177 15-0 1-0 
a +» », burden 8307 x 0-23 x 30 57 4-8 0-3 
Input total ... 17,145 1450.4 100-0 
OUTPUT ABOVE 0° C. 
Reduction of Fe,O, > Fe 2135-6 x 3199 = 6832 
“ » Fe,0,—> FeO ... we 35-0 x 1123 = 39 
6871 581-3 40-0 
Reduction of SiO, a ae as 3-1 x 13,044 40 3-4 0-2 
o », MnO a see 6-7 x 3051 20 1.7 0-1 
* oy nn ee 206 17-4 1-2 
Dissociation of CaCO, ... ose «- 437°-2'x 1791 783 66-2 4-6 
vi ,, FeCO, 76 X 588 4 0.3 0-0 
ae >», Fe(OH), ee ..- 391-2 x 757 296 25-0 1-7 
3 », MECO,...  ... ... -23-6 X 1140 27 2-3 0-2 
‘ », Ca phosphate... nae 19-7 x 4650 92 7-8 0-5 
Formation of CaS sas ae = 14.0 x 3442 48 4.1 0-3 
Dissociation of H,O in blast ... ... 597-1 x 5780 677 57.3 3.9 
- ee eee ae 4-5 x 61,472 277 23-4 1-6 
Sensible heat of top gas i es oe ae ns wae 2567 217-0 14-9 
in ¥» 9) H,O in top gas__...536-8 x (1151+ [0-465 x 455-4) 732 61-9 4.3 
c ys yy flue dust - 18 x 0-23 x 635-4 3 0-3 0-0 
a +> 9») metal 2240 x 475 1064 90-0 6-2 
a ys yy Slag 1576 x 620 977 82-6 5-7 
Cooling losses : 
Water (tuyeres and coolers)... 2479 209 .2 14-5 
Stack rie cae in 441 37.4 24 
Bosh 367 31-0 2-1 
Output total 17,971 1519.6 104-0 
Input total ... 17,145 1450.4 100-0 
Difference —826 —69.2 —4-6 
. centre of a cylinder than at the wall, though this is attempted in an endeavour to throw some light on 
e offset by the effect of stack batter. their relative significance. The importance of the 
(b) Stock movement is most rapid above those .. tial fl fis alee Seep Miatatiadion tn 
regions where it is consumed; this applies to both initial flow pattern is shown by t 1e similar isotherms 
. ore and coke. If combustion is restricted to an and oxygen-gain contours obtained at the bottom 
: annulus in ng = the serene, a —" — of the stack from all probe runs, irrespective of the 
ment near the bosh walls and a stationary column , . -s A e ’ . ee 
t at the centre may be expected, although variations in eo t a “= é is oa run | es the furnace 
s the rate of burden flow may be expected to be much WS hotter at the walls and centre than intermedi- 
t less than those in gas velocity. ately, and in all cases except run 1-2, oxygen gains 
‘ : : 
4 : aout . ; increased steadily from wall to centre. Normally it 
; Bg 0-9 a. re The following factors modify would be expected that these curves would have a 
e the effect of bur on/gas ratio . _.., , Similar shape; the fact that they have not, merits 
: ™ bs i wa a tie Wee = Binge }3 further examination. It will be seen that the picture 
d temperature may be eee aileatih + orresponding agrees with the above presentation of a relatively 
y increase in CO, or oxygen gain. static central column with more rapid movement of 
(b) The ore/coke ratio ; the respective rates of ore the burden and gas near the walls. The shape of the 
ra pct - ee es Eggi. mild oxygen-gain contours would follow from an increasing 
e expected to depend on the relati s ; F e aR S 
; and coke present. A high ratio would give, at least ore/gas ratio from wall to centre when the gas is 
; over a limited temperature range, a lower CO/CO, passing through a region (near the bosh parallel} of 
: ratio and vice versa; in addition, gains in CO, and partly reduced ore immediately above the melting 
oxygen would increase more rapidly when the gas is zone and over the static central column ; if the latter 
, passing through an ore-rich region. is largely devoid of ore there would be little loss in 
With the foregoing generalizations in mind, a temperature as the gas ascended through it. On the 
, further analysis of the probe-run data will be other hand, in the surrounding region, where fusion is 
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INVESTIGATIONS ON AN EXPERIMENTAL BLAST-FURNACE 


taking place, heat is absorbed and the temperature 
remains highest where the ore/gas ratio is lowest, 
i.e., at the walls. 


Size segregation of the burden and coke can exert 
a predominant influence on the gas flow above the 
melting zone, particularly when the stockline contour 
is very uneven and the proportion of fines is great. 
Thus the sharp V stockline obtaining during runs 
1-1 and 1-2, the flat V during run 4-1, and the large 
amount of fines present during the first and last of 
these, had the effect of decreasing the ore/gas ratio 
at the centre in each case, giving the high temperature 
and low CO, associated with it. The relatively level 
stockline during run 2-2, on the other hand, mini- 
mized segregation effects so that the gas flow pattern 
which obtained at the bottom of the stack, 7.e., gas 
velocity decreasing frozh the wall to the centre, 
persisted substantially unaltered right up the stack ; 
the high temperatures and low CO, at the wall 
during this run are in accord with this picture. 
The contours for run 3-1 are in almost every detail 
intermediate between those for runs 2:2 and 4:1, 
as was the charging cycle, and they show that here 
the initial flow pattern was slightly modified by the 
size distribution. 


The general picture of the initial flow pattern and its 
subsequent modification by size distribution in the 
stack can be put forward with some confidence. 
Many minor points may also be noted, though it 
should be borne in mind that their significance is 
uncertain as the available data were rather limited. 
In runs 1-1 and 4-1 there was a large amount of fines 
which presumably made distributional effects pre- 
dominant lower down the stack; this might 
reasonably account for the absence of a rising isotherm 
at the wall in the former case and the flatter series of 
curves in the latter. 


The inflections of the CO, and temperature contours 
near the wall in runs 1-2 and 4-1, and at the centre in 
run 4-1, are probably due to the persistence of the 
initial flow pattern. 


Any influence which ore/coke ratio has on CO/CO, 
ratio is evidently a minor one and is masked by other 
variables ; hence the exceptionally high CO/CO, 
ratio against temperature curve obtained from the 
wall points in run 1-1, and the very low values from 
the centre points in run 4-1, are the reverse of those 
that would be expected if the normal variations in 
ore/coke ratio obtained with a V stockline (higher at 
wall than centre) were a major controlling factor. 


The oxygen-gain contours give some indication of 
the location of the reduction reactions. If the total 
nitrogen flow and the total oxygen gain are known, 
it is possible to associate a given value of the oxygen 
gain with a definite degree of reduction ; the average 
degree of reduction across any given plane in the 
stack cannot be determined without quantitative 
knowledge of the gas velocities, nor can it be said 
that the degree of reduction along a line of constant 
oxygen gain is a definite constant value, as it will 
obviously be greater where the ore/gas ratio is less. 
It is, however, true to say that the average degree of 
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reduction under a line of constant oxygen gain is that 
corresponding to the numerical value of the line. 

The following figures give for each of the four trial 
periods the theoretical oxygen gain of the gas associ- 
ated with (a) reduction of the metalloids ; (5) total 
reduction ; (c) the total oxygen in the burden removed 
in the gas, t.e., the oxygen in the CO, from the 
carbonates plus (6) ; and (d) the determined value of 
the oxygen gain in the top gas: 


Theoretical Oxygen Gain (Atoms of Oxygen per 
100 mols. of Nitrogen) 
Trial Period No. 
l 2 3 
1-4 0-9 1-2 
20-2 18-4 19-9 18-1 
1 


Reduction of metalloids 
Total reduction 


Total oxygen in gas . 27-0 25-4 26-9 26 
Oxygen in gas from ~ 
experimental figures... 20-2 19-8 20-9 20-4 


The oxygen gains determined in the probe runs 
appear to be in greater accord with the theoretical 
top-gas gains than with the experimental values, 
indicating that the top-gas CO, should have been 
higher than was actually found. Because of this 
discrepancy, reliable correlation of the oxygen-gain 
values with degree of reduction is impossible. How- 
ever, it will be seen that an oxygen-gain value of about 
1-5, which corresponds with reduction of the metal- 
loids only, is reached at about the top of the bosh 
in runs 1-2, 2-2, and 3-1, in the bosh parallel in 
run 1-1, and at the bottom of the stack in run 4-1, 
the temperature being in each case about 1000° C. 
This suggests that the completion of reduction of iron 
oxides has taken place above the top of the bosh 
where the temperature is below 1000° C. 

Uncertainty at the top of the stack renders the 
interpretation of the low-temperature reactions diffi- 
cult, but the high values of the oxygen gains at the 
top plane suggest that reduction occurring above this 
level, corresponding to a temperature of the order of 
700° C., is small, and the main reaction is carbon 
deposition. This might be expected from laboratory 
studies which have shown that in the presence of 
metallic iron or lower oxides carbon deposition pro- 
ceeds preferentially, particularly on the surface of the 
lumps ; this gives a gas in the surface layer so rich 
in CO, as to preclude reduction beyond the Fe,0, 
stage in the bulk of the particle. 

The carbon-gain figures are rather too scattered to 
have any great significance, neither do they lend 
themselves to adjustment in the same way as the 
oxygen gains, for there is no justification for assuming 
that the value must always increase with falling 
temperature. The fact that they appear to rise 
between 700° and 900° C. indicates that limestone was 
undergoing decomposition between these tempera- 
tures, which is in accord with the equilibrium figures 
for the CO,-CaO-CaCO, system. Some indication as 
to the extent of carbon deposition is shown by the 
following figures, which give (a) the approximate 
average maximum carbon gain attained by the gas 
in each probe run, (5) the carbon gain for the top gas 
in each case, and (a)—(b) the amount of carbon 
deposition, both as atoms/100 mols. of nitrogen and 
as pounds per ton of pig iron : 
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Approximate Carbon Deposition 
r Probe Run No. 
it 32 “Se 3a: 43 
Max. carbon gain of gas, 
atoms/100 mols. N,... 10 13 12 £410 9 
Carbon gain of top gas, 
atoms/100 mols. N, ... 5-3 9-3 6-1 5-9 5-3 
Carbon deposition, atoms / 


100 mols. N, ... Ae 4 6 4 4 
Carbon deposition, Ib./ 
ton of pig iron -. 190 160 240 160 160 


The high value for run 2-2 is perhaps significant in 
view of the high CO, and top-gas temperature for 
that period, but of course these figures are approxi- 
mate only. 

The great difficulty of maintaining strictly uniform 
operating conditions, particularly as regards the 
burden, together with the excessively high tuyere 
cooling losses (which provided the main thermal 
demand in the hearth), reduced the effect of stack 
conditions on the hearth heat demand to second 
order. Accordingly, furnace operation was not 
sufficiently sensitive to differentiate between perform- 
ance on nearly identical burdens. Conditions were, 
however, distinctly colder during period 2 than in 
periods 1 and 3, showing that an over-correction of 
size distribution may have an adverse influence on 
operation. The similar iron and slag quality during 
periods 1 and 3, despite the slightly lower coke rate 
for the latter, indicates that the modified distribution 
in period 3 may have had a beneficial effect. 

The order of importance of several factors on the 
flow of gas through the furnace has been indicated, 
and although the same influences presumably obtain 
in large-scale furnaces, the only evidence that they 
have the same relative importance is the similarity 
between the contours for run 1-2 and those given in 
Special Report No. 18,8 both as regards shape and the 
numerical values at corresponding levels. 

The question of an ideal distribution will need 
fuller investigation. So much depends on the type 
of burden ; sinter fines and ore fines behave differ- 
ently owing to their different flow characteristics and 
their respective susceptibilities to carbon deposition, 
so the picture may be substantially altered when 
sinter is used. Home and foreign ores need crushing 
to different sizes, and the distribution of voids will 
vary with the proportions and gradings of the 
components. With the necessity of catering for so 
many varieties, one thing is certain : any compensat- 
ing charging device employed in full-scale practice 
should possess the maximum degree of flexibility. 
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Standard Methods of Testing Magnetic 
Materials 


The American Society for Testing Materials has issued 
a pamphlet giving the latest revised standard methods 
for testing magnetic materials, A 34. The various divi- 
sions of the older Standard A 34 are regrouped into five 
new documents. Essentially the methods are a com- 
pendium of tests for magnetic, mechanical, and electrical 
properties of magnetic materials. 

The Standard Definitions of Terms, A 340 (formerly 
A 127) supplement this document and the procurement 
specifications for flat-rolled electrical steel, A 345 (for- 
merly A 310), are also included. 

The revision and regrouping of Method A 34 will in 
no way affect current reference to these standards, for 
the new A 34 will, wherever A 34 is cited, still specify 
the use of the same methods that have now been re- 
grouped under other designations. 

Copies of the pamphlet, with the seven standards, 
can be obtained from A.S.T.M. Headquarters, 1916 Race 
Street, Philadelphia 3, Pa., at $1.00 each or at reduced 
prices in larger quantities. 
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REPORT OF THE NINTH MEETING 


THe NintH MEETING OF THE IRON AND STEEL ENGINEERS Group of The Iron and 
Steel Institute was held at 4 Grosvenor Gardens, London, S.W.1, on Wednesday, 
23rd March, 1949. Mr. W. F. Cartwricut (Steel Company of Wales, Ltd.), Chairman 


of the Group, presided. 


At THE MornincG SEsSION a paper entitled “ A Review of the Application and 
Design of Heavy Forging Presses,” by Mr. J. S. SANDERSON and Mr. J. G. FritH, was 
presented and discussed. The report of the discussion was published in the September, 
1949, issue of the Journal, pp. 81-86. The paper “ Heavy Forging Manipulators ” was 
presented by Mr. A. V. Finn, who illustrated his paper by means of three films. 

AT THE AFTERNOON SESSION Mr. FLINN showed a number of lantern slides illustrating 


his paper and replied to questions, and a paper entitled “‘ A Modern Heavy Forging Plant,” 
by Mr. W. H. Atvey, was presented and discussed. 


PROCEEDINGS OF THE AFTERNOON SESSION : 2.00 p.m. to 4.30 p.m. 


Discussion on— 


A MODERN HEAVY FORGING PLANT* by W. H. Alvey 


Mr. A. H. Bennett (Walter Somers, Ltd.): If trouble 
with packings can be eliminated, the plant engineer 
will have more time to deal with other matters. In 
Table IV the author refers to two presses of some 1500 
tons capacity having U-leather packings, and for press 
No. 1 the average life of the packing was only 72 forging- 
hours; the longest life was 197 forging-hours. We 
have a 1500-ton press with one U-leather packing 
supported by a gland ring and having a neck bush. 
The average life of the leather is 575 forging-hours, 
and the longest life is 1848 forging-hours. 

The remaining presses in Table IV are fitted with 
automatic packing, consisting of four rings, with, in 
one case, one ring of soft packing to take the leakage 
at the smaller pressures. I have been able to get much 
longer life from a much simpler form of packing. A 
3500-ton press was originally fitted with two U-leathers 
at the top of the ram, which worked up and down on 
the inside of the cylinder, but they did not last long 
and they were very difficult to change, so the cylinder 
was re-bored at the bottom and a single leather put 
in at the bottom of the cylinder. That gave increased 
life, but it was not good enough. I then had the idea 
that the ram was not properly supported, and I intro- 
duced a guide at the top of the ram, so that the ram was 
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guided by the gland bush and also by a ring at the top 
of the ram. This increased the life of the U-leather 
to an average of 275 forging-hours, the longest life 
being 726 forging-hours. 

I have introduced on an 800-ton press a fabric U-ring, 
having a flat face and a V-shaped spreader, which is 
very much cheaper than four rings of automatic packing, 
and it is quickly fitted. This gave an average life of 
3013 forging-hours, the longest life being 3520 forging- 
hours. These figures are better than those given by 
the author in Table IV, and I should like to know whether 
he has considered fitting that type of packing. The four 
rings of automatic packing take up a considerable amount 
of room, and not every press cylinder will accommodate 
them. Further, I should like to know whether the 
author has, on any hydraulic cylinder, guided the ram 
at the top as well as at the bottom. The question of 
the packing of rams on forging presses does not appear 
to have received adequate attention from designers. 

I am not able to add any figures for the weight of 
ingots or finished forgings dealt with by our forging 





* Journal of The Iron and Steel Institute, 1949, vol. 
161, Feb., pp. 119-138. 
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presses. I have examined the figures given by the 
author and I do not think that we could approach 
them. 

Press columns can be a source of trouble to the engi- 
neer. The moment that one of the nuts becomes slack 
the column moves, and may eventually have to be 
replaced, and there is a big expense in overhauling the 
press. From the time of installation of our 1500-ton 
press, it was a monthly job to tighten nuts on the base- 
plate, and eventually, in about 1936, we had to overhaul 
the press completely. On this occasion, we re-bored 
the base in position and re-faced the base where the 
nuts fitted, to give conical surfaces with a taper of 
1 in 4. The columns were re-screwed, and fitted with 
new nuts also with conical ends, and the columns were 
bored with a 2-in. hole, so that they could be shrunk 
into position by steam-heating through the hole. Since 
this work was completed all the columns have remained 
tight, and no further attention has been necessary. 
I notice that on one of his presses the author has adopted 
small conical faces where the columns abut on the top 
face of the base and against the underside of the entabla- 
ture. In my opinion, coned faces are desirable as they 
prevent all side movement due to the flexing of the press 
under load. What figure has the author adopted for 
the shrinkage of columns ? The figure which I adopted, 
and which I understand is also adopted in some U.S.A. 
plants, is to pre-stress the columns to 50% above 
the load which would be imposed on the columns, 
allowing for eccentric loading between the press tools. 

Like the author, who is exhausting water into a receiver 
loaded by air up to about 60 lb./sq. in., I have experienced 
a good deal of trouble in getting rid of the exhaust 
water. Even with an overhead tank, where the static 
pressure might be said to be only a few pounds per 
square inch, when high-pressure water is exhausted 
into a standing column of water it must be got on the 
move in a split second ; and with high-pressure water 
trouble is experienced at all the joints, and the pipes 
are also liable to be fractured. With his direct hydrau- 
lic drive for the presses has the author ever considered 
exhausting the water direct into an underground tank ? 
There is then no back pressure at all to contend with 
and no column of water to be got on the move. Merely 
by opening the valves, the water is exhausted into 
the underground tank, and by a small pump the water 
can be delivered either to the overhead supply tank 
or back into the air-loaded vessel. 

Mr. W. H. Alvey (English Steel Corporation, Ltd.) : 
You seem to have had a better experience of U-leathers 
than we have. We have not tried the fabric packing 
to which you refer, and I should like to know more 
about it. Ifthe price of U-leather packings is compared 
with that of the standard automatic type with four 
rings, it will be found that there is hardly any difference : 
one set of automatic packings costs £7 12s., while the 
U-leather costs £7 4s., for the same ram diameter. 

In regard to the hydraulic cylinder guiding, years 
ago we did the same thing and obtained much better 
life from the packings, but at the moment we have not 
one press where we have the guiding ring on the top of 
the ram. To ensure that the press columns and nuts 
remain tight under all conditions, we pre-stress the 
columns in a similar manner to give about 0-003 in. 
per inch of column diameter. This gives the necessary 
overload and is generally in accordance with Mr. 
Bennett’s practice. 

I had not thought of the exhaust water going into 
an underground tank, with the idea of getting rid of 
the back pressure, but I cannot see why it should not be 
done. It involves only the expense of putting in a pump 
to pump the water back to the air vessel at about 70-80 
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Ib./sq. in. Can Mr. Frith say anything about that 
from his wide experiences of these presses ? 

Mr. J. G. Frith (Davy and United Engineering Co., 
Ltd.): We have had no experience of that. The 
drawback is that an extra pump is needed to pump 
the water back into the pre-filler, and there is a risk 
of contaminating the water. 

Mr. A. H. Bennett: I have not attempted to pass 
exhaust water back into a pre-loaded receiver, but 
I have tried to do so into an open tank, which would 
offer less resistance than an air-loaded water vessel. 
When high-pressure water is exhausted it is difficult 
to get the column of water in the pipe suddenly on the 
move, in the period of a split second. Because of 
the large amount of energy required, we have had high- 
pressure joints, and riveted them and welded them, 
but have still experienced trouble. Finally, we elimina. 
ted the back pressure by placing the water tank under- 
neath the controlling valves, and employing a small 
motor-driven pump to deliver the water from this 
underground tank to an overhead supply tank to 
feed the power pumps. By this means there was 
little or no resistance to the exhaust water and our 
troubles from this cause were eliminated. At over 
2 tons/sq. in. working pressure the operator could move 
the control lever as fast as possible from pressure to 
exhaust positions, and obtain smooth working without 
experiencing any kick in the system. Both tanks 
were closed and had air vents, thus providing an almost 
sealed circuit and preventing contamination of the water, 

Mr. Henry Baker (John Baker and Bessemer, Ltd.) : 
I notice that the pumps have an enclosed crankcase, 
probably an oil bath, and during its cycle part of the ram 
is at one time in the water cylinder and then goes back 
into the crankcase. In the course of time, do you 
have any trouble from emulsification of the oil in the 
crankcase through water getting back ? 

In regard to press cylinder clearance caused by wear 
between the cylinder and the bore of the entablature, 
the author does not mention in what way this clearance 
is objectionable in the proper functioning of the press. 
Most presses have a slackness there, but, apart from the 
risk of damage to the packing, I cannot see that it 
will do a great deal of harm. 

Mr. W. H. Alvey: We have had no trouble with 
emulsification of the oil, because a water seal is fitted 
to prevent leakage along the ram into the crankcase, 
as shown in Fig. 2. If slackness between the cylinder 
and entablature is not checked quickly it will soon 
spread and ruin not only the cylinder but also the entabla- 
ture, and I think that the forgemen find actual operating 
troubles from this cause. 

Mr. Ronald Benson (Darlington Forge, Ltd.): The 
chief trouble is caused by cracking in the corner of the 
cylinder. 

Mr. W. H. Alvey: Our experience has shown that 
if slackness once starts, it must be checked as quickly 
as possible, as not only is there the inconvenience to 
the forgemen of excessive leakage of water through 
the cylinder packings, but the press is lost to production 
while repairs are carried out, and the longer this is 
delayed the more serious the repair, with the danger 
that not only will the cylinder have to be replaced, but 
also an expensive new entablature may be necessary. 

Mr. W. Craig (Davy and United Engineering Co., 
Ltd.): It is stated in Table I that press No. 7 was 
installed in 1912, and press No. 9 in 1942. In Table IT, 
giving the electric power consumption, it is curious to 
note that the older press has a lower unit consumption 
per ton of forgings than has the more modern press. 
No doubt there is a very simple explanation for that. 
On the question of the press ram, Mr. Alvey mentioned 
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that he had tried a stainless steel ram. I should like 
to hear of his experience of the various materials for use 
in press rams, a comparison, for instance, between 
close-grained iron, chilled iron, stainless steel, and, say, 
@ ram on which chromium had been electrodeposited. 

This question of exhausting the water into an open 
tank needs further consideration. The more conven- 
tional method is to exhaust it into an air vessel where 
there is the advantage of an air cushion and consequently 
a much quieter exhaust. 

The author’s tables show that the wear on the pilot 
valves is more severe than on the main valves, which 
makes me suspect that the pilot valves are probably 
doing most of the work, because the pressure on the 
main cylinder is broken through the pilot valves, and 
thus tremendous energy is suddenly released. It 
is not a question of the time element in taking that press- 
ure through the pipes ; the difficulty is to get the slack 
water moving into the air vessel. 

Mr. W. H. Alvey: In regard to Mr. Craig’s first 
question, I was also puzzled until I found out that the 
old press, No. 7, which has a consumption of 21-06 
units per ton of ingot weight, is generally on a straight- 
forward type of work where it deals with rather a big 
tonnage, whereas when these figures were taken press 
No. 9, the new one, where the figure is 28-23 units per 
ton of ingot weight, was for a large part of its time 
doing hollow-forging work, which means that the out- 
put per ton per heat was much lower, and, therefore, 
the class of work was completely different in the two 
cases. That applies also to the figure for press No. 4, 
34-08 units. These presses are doing different types 
of work, and it is difficult to make true comparison. 

I hope that I have not given the impression that 
the use of stainless materials relates to the main cylinder 
ram; it is the lifting cylinder ram which is stainless. 

Mr. W. Craig : I wondered if you had had experience 
with a chilled ram. I thought that you had used a 
stainless ram, but I see that I was mistaken. Have you 
ever tried a ram with an electrodeposit of chromium ? 

Press designers have been accused of not tackling 
the packing problem, but if a press cylinder has been 
designed for a single ring, such as a U-leather, it must 
always have a single ring, and if four turns of packing 
were required it would be necessary to get a new cylinder. 

Mr. W. H. Alvey: I have had no experience of 
chromium-plated rams for forging presses. 

Mr. J. G. Frith (Davy and United Engineering Co., 
Ltd.) : I notice in the description of the 7000-ton press 
that mention is made of cast steel crosshead slippers 
which work in conjunction with cast steel inner stockings 
on the crosshead. Can Mr. Alvey tell me if this is 
correct, as steel sliding on steel is rather unusual ? 

Mr. W. H. Alvey : It is correct. It is cast steel, 
and is working very satisfactorily. I agree that it is 
against normal practice, but the cast iron stockings pre- 
viously used broke so frequently that we tried cast steel, 
and they are working very well. The columns are greased 
by hand. Mechanical greasing would be a further im- 
provement. 

Mr. J. G. Frith : I see that on the same press you 
allow }-in. clearance between bushes and columns. 
Using your own figure for the coefficient of expansion, 
that means a temperature rise of about 100° F., which 
agrees with our own experience, Have you found that 
necessary ? 

Mr. W. H. Alvey: Yes, from our experience that 
gives the best clearance from an actual operating point 
of view. Less than } in. (}; in. each side) causes seizing 
of the crosshead slippers and stockings, and more clear- 
ance gives too much float in the crosshead. 
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Monsieur Collet (Dembiermont et Cie.): Are the 
figures for the weight of finished forgings with different 
presses, given in Table II, the result of 8 hours’ work 
per day, which means one team of workers, or of 16 
hours’ work per day, which means two teams ? 

Mr. W. H. Alvey: The presses work occasionally 
one 8-hr. shift per day, but normally they work two 
8-hr. shifts per day. There were a few instances of 
working three shifts a day. It is difficult, therefore, 
to give a direct answer to the question, but, putting 
it in another way, the following figures give the output 
of forgings per hour from these presses : 





Average output per hr. 


Press No. ingot weight, tons 
1 2-50 
2 2°25 
4 3°75 
5 6°40 
7 3°25 
9 4°75 


The last figure is a recent one, obtained this year, and 
the press has been moved from one works to another, 
where it is now on a different type of work. The figures 
given in Table II were up to June, 1948, whereas those 
which I have just quoted are over the last twelve months. 

Monsieur Collet : That is quite high, and the French 
forgemasters offer you their congratulations. 

Mr. E. C. Houghton (Vickers-Armstrongs, Ltd.) : Rever- 
ting to the question of the shock of the exhaust, is not 
that simply a question of the momentum of the water 
between the cylinder and the tank? Some horror 
has been expressed at the idea of exhausting into an 
atmospheric tank, but, in coming down from 5000 or 
6000 lb./sq. in., is there much difference between an 
atmospheric tank at 15 lb./sq. in. and water in a tank at 
60-80 lb./sq. in. ? I think the author said that in making 
the alteration he reduced the length of pipe between 
the valve and the tank from 30 ft. to 5 ft., and Mr. 
Bennett said that he put the tank immediately under 
the valve. That seems to me to be the answer. We 
all know that water is compressible and when there 
is a pressure of 5000-6000 Ib./sq. in. there are several 
gallons to be disposed of. This can be done through a 
decompression valve or by putting a tank immediately 
above the press. 

I believe the Germans have recently exhausted from 
the cylinder immediately into a tank on top of the press, 
which was found to be very effective. Mr. Craig’s 
remarks about the pilot valve were sound, because to 
a@ certain extent that acts as a decompression valve, 
and in its operation there is a short period during which 
the pressure is reduced before the main valve opens to 
allow the cylinder to be exhausted at the lower pressure. 

In some valves recently designed to take advantage 
of this effect, the main valves cannot open for a period of 
one second after the opening of the pilot valves, during 
which time the pressure is reduced from 2} tons/sq. in. 
to approximately 80 Ib./sq. in. 

Mr. Ronald Benson (Darlington Forge, Ltd.) : Referring 
to the author’s remarks on the clean-gas furnaces at 
Darlington Forge, we have the furnaces fully metered 
because we are using clean gas. We have on each furnace 
a meter which records the total gas flow from any known 
time, the flow rate, and a chart, like a barometric chart, 
giving a record of those flow rates, and it is easy to see 
on that chart when the furnace reverses. Reversing 
is normally automatic and as well as being able to see 
that this reversing has been working properly, it is 
also possible to note any change in gas consumption 
that the furnaceman has made. This is a most valuable 
record for a forgemaster. 
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Each week we record every heating operation, and 
scrutinize the records for fuel efficiency, and the amount 
of gas used per ton of steel heated, for every forging 
heat, so that we can trace it back to the furnaceman. 


As a criticism of designers of forging equipment, I | 


think it is time that we had a better way of sealing 
furnace doors when a forging has to project. The 
present method of surrounding the forging with bricks 
put up with a paddle, and then daubing with clay, is 
very old. 

Another criticism concerns scale. I quite agree with 
Mr. Frith that the type of sliding bed which is lapped 
over prevents the scale dropping to the scoring surfaces, 
but the removal of that scale at every shift is far from 
easy. It is a point where future presses might have 
better arrangements. 

Finally, I consider that ten minutes is too much time 
for changing tools. 

Mr. Shrubb (British Iron and Steel Research Asso- 
ciation): I believe that little progress will be made in 
developing automatic or remote control for forging or 
other processes at the present time until there is a more 
clearly expressed demand. 

Since the manipulations in heavy forging are only 
magnified versions of those the blacksmith makes with 
his hands, the fundamental requirement is for position 
control between all the control handles and_ their 
respective controlled members—press head, crane hoist, 
turnover and travel motions, and manipulator tables. 
Position-control systems with electric, electro-hydraulic 
and entirely hydraulic drives were developed exten- 
sively during the war for accurate remote control of 
heavy armaments, and British manufacturers can pro- 
duce these today in suitable forms for industrial use. For 
turnover drives on cranes, where many repeated accurate 
turns of a few degrees are required, position control 
between the control handle and the ingot is an obvi ious 
requirement. 

Once such equipment is applied it can easily be adapted 
for either local or remote, manual or automatic, control. 

Mr. L. R. Evans (English Steel Corporation, Ltd.) : 
Can a 320-ton crane be stopped within a fraction of 
an inch ? 

Mr. Shrubb: Whatever the weight of the crane 
an automatic position-setting control can attain the 
same accuracy as a crane driver attains in setting a 
crane motion to a chosen position with the conventional 
speed control, since it can use the same information as 
that which the crane driver uses, viz., speed of running 
into line and the value of the braking torque available. 
Usually, automatic control can produce more consistent 
results from this information than can manual control, 
so that the accuracy of position-setting can be improved. 
One can envisage the forgemaster sitting at a control 
desk with remote position control of all motions of the 
overhead travelling crane and position control of the 
press head, the actual forging operation thus being 
reduced to a one-man process. 

Mr. W. H. Alvey: I welcome those remarks. It 
is only by careful synchronization between the press 
driver and the crane driver that it is possible to avoid 
major mishaps to the crane, so that if it were possible 
for one man to control both press and crane it would 
obviously be of general benefit. 

In reply to Mr. Benson, the main trouble with silting 
furnace doors when ingot heads project through is 
largely caused by their variation in size and position. 
We have horizontal sliding doors on a number of large 
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forge reheating furnaces, in addition to vertical sliding 
doors, but they cannot be made to suit every type 
or position of ingot head without a certain amount of 
bricking. The alternative is to provide specially 
designed doors for each job, but this would be very 
expensive. Where sliding doors are provided, brickwork 
sealing is considerably reduced. 

Metering cannot be done very readily with hot raw 
gas, but clean gas enables us, by keeping a strict control 
of the gas consumption of our furnaces, to keep a better 
control on our furnace efficiencies. The efficiencies have 
increased to a great degree since clean gas was used. 

The Chairman : Mr. Shrubb has mentioned position- 
ing devices, and it may be of interest to mention some 
difficulties with a slab squeezer on a job with which 
I am connected. There is a device which holds the 
slab flat and another device which squeezes it on the 
edge. In the early slab squeezers the hold-down device 
was hydraulic and merely pressed on the slab and held 
it down ; but the slab was resting on roller gear, which 
tended to get bent and damaged, and, as a result, the 
driving gear—which was very cramped in any case 
—was very difficult to design. At first the slab squeezer 
was mounted on a spring to prevent shock, but, recently, 
the trouble has been eliminated by having a pre-set 
device, so that if an 8-in. slab is to be edge-squeezed 
the handle is set to 8 in. and the head goes down to 
within 8} in. of the roller table, due to the positioning- 
control valve. These valves are now available, and I 
do not see why they should not be fitted to a press, 
so that a particular stroke could be obtained automati- 
cally, the speed being entirely independent. 

I do not understand why, instead of allowing the 
furnaceman to interfere with the amount of gas that is 
put on the furnace, an automatic control is not installed, 
as is used on heat-treatment furnaces, and governed 
by a temperature cycle or by temperature alone. 

Mr. Ronald Benson: We have automatic control 
of the air/gas ratio and automatic control of the gas 
pressure in the incoming main, so that any setting of 
the gas valve means a definite rate of consumption, but 
we allow the furnaceman to control the rate of heating. 
As he opens the gas valve, the air is automatically pro- 
portioned to it by the Askania control device, but the 
furnaceman. is still allowed to control his own furnace. 

The Chairman : Why ? 

Mr. Ronald Benson: He has to get the heat ready for 
certain times in the forging programme and is told 
when it has to be hot enough. We have tried furnace 
control by optical pyrometry, but the conditions of 
the job inside are too variable, and we have not found it to 
be successful. 

On the subject of electronic control I should like 
to ask Mr. Shrubb whether it would be possible to have 
a position control which would automatically raise the 
crane, say, 6 in., move it 1 ft., and drop it 6 in. again, 
all at one setting, by one press of the button. 

Mr. Shrubb: Yes, quite readily. A British electrical 
company has already developed a combined position 
and speed control for a crane, but there has been no 
demand for it. The speed control feature gives control 
as at present, and an extra control handle enables the 
driver to take the crane motion forward just as much as 
he moves this handle, and no more. 

Given position control on a group of crane motions, 
the positions to which they were required to be driven 
could be set on the position-control handles, and then 
each motion switched on at the same time or in sequence. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 





THE IRON AND STEEL INSTITUTE 
Discussion on the Corrosion of Steel 


A Joint Meeting of The Iron and Steel Institute and 
the British Iron and Steel Research Association, to discuss 
papers on corrosion and corrosion-fatigue of steel, 
particulars of which were given in the September issue 
of the Journal, p. 87, will be held at the offices of the 
Institute, 4 Grosvenor Gardens, London, 8.W.1, on 
Tuesday, 18th October, 1949, commencing at 10.30 a.m. 
Mr. T. M. Herbert, Chairman of the Corrosion Committee 
of the Research Association, will preside. 


Fourth Hatfield Memorial Lecture 


The Fourth Hatfield Memorial Lecture will be delivered 
by Sir Andrew McCance, LL.D., D.Sc., F.R.S., President 
of The Iron and Steel Institute, on Friday, 28th October, 
1949, in the Firth Hall of Sheffield University, at 6.30 P.m. 

The subject of the Lecture will be “ The Plastic 
Behaviour of Solids.” 


Autumn General] Meeting, 1949 


The Autumn Meeting is to be held in London on 
Thursday and Friday, 10th and 11th November, 1949, 
at the offices of the Institute, 4 Grosvenor Gardens, 
London, 8.W.1. 


Dry Coke Cooling 


The Council of the Institute of Fuel invite Members 
of The Iron and Steel Institute to attend a Joint Meeting 
to be held at the Institution of Mechanical Engineers, 
Storey’s Gate, S.W.1, on Tuesday, 15th November, 1949. 
The proceedings, commencing at 5.30 P.m., will be 
devoted to the discussion of a paper on ‘ Dry Coke 
Cooling,” by Dr. G. E. Foxwell; a paper on ‘ The 
Application of Dry-Coke Cooling Plants to Integrated Iron 
and Steel Works,” by L. H. W. Savage and A. V. 
Brancker, and a report by the Working Group of the 
Ministry of Fuel and Power. 

Advance copies of Dr. Foxwell’s paper are being 
prepared by the Institute of Fuel, and copies may be 
obtained by members attending the meeting on applica- 
tion to the Secretary, at 18 Devonshire Street, Portland 
Place, W.1. The second paper, by Savage and Brancker. 
was published in the February, 1949, issue of the Journal 
(pp. 103-117). Separate reprints are not available. 
The report of the Working Group is not being published, 
but copies will be supplied to bona fide applicants by 
the Secretary, Ministry of Fuel and Power, 7 Millbank, 
8.W.1. Extracts from the report were published in the 
Gas Times, Aug. 12th, 1949 (pp. 216-221). 


Rolling Mill Bibliography 
A bibliography on Rolling Mill Practice, No. 15 in 


the Institute’s series, has been prepared, and copies will 
be available shortly. The bibliography covers, very 
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extensively, the literature on the subject published 
between 1920 and 1947. Duplicated stencilled copies, 
about 450 pages, foolscap, may be obtained by applica- 
tion to the Secretary, at 4 Grosvenor Gardens, London, 
S.W.1, price 25s. each (15s. to Members). 


Andrew Carnegie Research Fund 


Research Grants and Travelling Scholarships 

Andrew Carnegie Research Grants and Travelling 
Scholarships are awarded to suitable applicants to enable 
them to conduct researches into the metallurgy of iron 
and steel. The amount of any one research grant will 
not exceed £250 in a year and the normal range is £50 
to £200. The grants are tenable within the United 
Kingdom. The value of the travelling scholarships will 
depend upon the circumstances of each case, but will 
normally be of the order of £500, although smaller or 
substantially greater sums may be given. The scholar- 
ships will usually be tenable for one year and are intended 
to assist recipients to conduct researches outside the 
United Kingdom. 


Conditions 

A condition of the awards is that candidates must be 
under 35 years of age. There is no restriction on sex 
or nationality. The results of the research are to be 
communicated to The Iron and Steel Institute in the 
form of a report for publication. An Andrew Carnegie 
Gold or Silver Medal may be awarded to the author of 
the report which, in the opinion of the Council, is the 
most meritorious of the year. 

Grants are normally paid in four quarterly instal- 
ments: the first on award, the second and third on 
receipt of satisfactory brief progress reports, and the 
final instalment on receipt of the completed report. 


NEWS OF MEMBERS 


> Mr. C. ANDERSON has completed Part II of the Natural 
Sciences Tripos at Cambridge, and has taken up the 
appointment of personal assistant to Mr. J. Glen, 
General Manager of Messrs. Stewarts and Lloyds, Ltd., 
of Corby, Northants. 

> Mr. W. A. Apam has returned from Buenos Aires, to 
take up an appointment with Messrs. John Summers 
and Sons, Ltd., of Shotton, Chester. 

> Dr. Epcar C. Barn, Vice-President of the Carnegie- 
Illinois Steel Corporation, Pittsburgh, Pa., U.S.A., is to 
receive the A.S.M. Gold Medal for 1949. 

> The Hon. R. A. Batrour has been appointed a local 
director for Sheffield of the National Provincial Bank. 

> Mr. J. G. Batt left the British Welding Research 
Association on Ist August, 1949, to take up the appoint- 
ment as Principal Scientific Officer of the Ministry of 
Supply, at the Atomic Energy Research Station, at 
Harwell. Mr. Ball was with the Association for over 
eight years and was largely responsible for the establish- 
ment of their metallurgical laboratories. 
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> Mr. W. E. Barpcertt has succeeded Dr. J. E. Hurst 
as representative of the Institution of Metallurgists and 
becomes an Hon. Member of Council of The Iron and 
Steel Institute during his period of office. 
> Mr. G. R. Bett has left The Winchester Machine Tool 
Co. to become Manager of the Metal Powders Section of 
Messrs. F. W. Berk and Co., Ltd. of Stratford, E.15. 
> Mr. D. G. Boxatt has resigned his position with the 
British Columbia Research Council, to take up the position 
of Assistant to the Resident Metallurgist at the Canadian 
Atomic Research Project at Chalk River, Ontario, Canada. 
> Mr. E. A. BRANDES has left Messrs. High Duty Alloys, 
Ltd., of Slough, to take up the appointment of Research 
Metallurgist (Foundry) at the Fulmer Research Institute, 
Ltd., Stoke Poges, Bucks. 
> Mr. H. D. Brook has been transferred from the Royal 
Aircraft Establishment, at Farnborough, Hants., to the 
Chemical Section of the Post Office Engineering Depart- 
ment, Fordborough Lane, Birmingham, 9. 
> Mr. M. G. Cockcrort has been awarded the degree of 
M.Sc. of Manchester University. 
> Mr. W. H. Davies, of the Technical College, Luton, 
Bedfordshire, has been appointed Lecturer in Metallurgy 
and Chemistry at Newport Technical College, Monmouth- 
shire, as from Ist September, 1949. 
> Dr. Epwry Grecory has been elected Chairman of 
the County Advisory Committee for Metallurgy of the 
Yorkshire Council for Further Education. 
> Mr. P. Hepronstatt has obtained the degree of 
B.Sc. in metallurgy, of Leeds University, and has taken 
up an appointment with the Park Gate Iron and Steel 
Co., Ltd., of Rotherham, Yorks. 
> Mr. G. Hoyze has left Sheffield, to join the Metallurgy 
(General) Division of the British Tron and Steel Research 
Association, Royal School of Mines, London, 8.W.7. 
> Mr. R. S. Jackson has been appointed assistant 
metallurgist in the foundry of Messrs. David Brown, at 
Penistone, Yorks, as from 8th August, 1949. 
> Mr. JAMES SINCLAIR KeErR, O.St.J., F.I.M., a Vice- 
President of the Institute, was awarded an honorary 
degree of M.Sc. of Manchester University on 8th July, 
1949. Mr. Sinclair Kerr is Assistant Managing Director 
of the Lancashire Steel Corporation, and Resident and 
Technical Director at the Irlam Works of that company. 
He has been closely con- 
nected with the iron and 
steel industry for over 35 
years, and has a very wide 
experience of coke ovens, 
blast-furnaces,  steelplants 
and rolling mills, ete., bothin 
Great Britain and abroad. 
He is Chairman of Messrs. 
Wm. Robertson, Ltd., and a 
Director of the Pearson 
Knowles Engineering Co., 
Ltd., Messrs. Rylands, Bros., 
Ltd., the Whitecross Co., 
Ltd. (co-Chairman), and the 
Wigan Coal Corporation, 
Ltd. Mr. Sinclair Kerr, who gained the Silver Medal and 
Goldsmiths’ Prize for Iron and Steel Manufacture, is 
a Founder Fellow and Member of Council of the Insti- 
tution of Metallurgists, on which he represents the 
Council of The Iron and Steel Institute. He is also a 
member of the Grand Council of the Federation of 
British Industries, and a member of committees of the 
British Iron and Steel Federation, the Iron and Steel 
Control, the British Iron and Steel Research Association, 
and the British Standards Institution. 

In 1936 he received the decoration of Officer of the 
Venerable Order of the Hospital of St. John of Jerusalem. 
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> Mr. G. H. LatHam, an Honorary Member of Council, 
has had the degree of Doctor of Laws conferred on him 
by the University of Wales. 

> Sir Witt1amM LarKE, K.B.E., an Hon. Vice-President 
of The Iron and Steel Institute, has been elected Presi- 
dent of the British Standards Institution. 

> Mr. H. W. Lock has left the Zinc Development 
Association, Oxford, to undertake production manage. 
ment, with Messrs. J. Sainsbury, Ltd., Blackfriars, 8.E.1. 
> Dr. F. T. McGutre has left the Sibley Machine and 
Foundry Corporation of Indiana, and has joined the 
Materials Engineering Department of Deere and Com- 
pany of Moline, Ill., U.S.A. 

> Mr. J. F. MircHett has been transferred from Vereeni- 
ging to the Que Que Works of Messrs. Stewarts and 
Lloyds (South Africa) Ltd., in Southern Rhodesia. 

> Mr. A. J. Murpuy, has left Messrs. J. Stone and Co., 
Ltd., of Deptford, S.E.8, and has been appointed to the 
Chair of Industrial Metallurgy, at Birmingham Univer- 
sity, as from 15th September, 1949. 

> Mr. N. Y. Newron has been appointed metallurgist, 
in the Foundry Department of the English Steel Corpora- 
tion, Ltd., of Sheffield. 

> Mr. P. H. Nunn has been awarded the degree of 
B.Sc. in Metallurgy of Durham University. 

> Mr. Mao—Hwa Po has been appointed Manager of the 
Taiwan Steelworks, of the National Resources Commis- 
sion of the Chinese Government. 

> Mr. J. RANKINE has joined the staff of Messrs. Had- 
fields, Ltd., East Hecla Works, Sheffield, as Senior 
Technical Assistant, in their Works Re-organization 
Department. 

> Mr. P. REvVEt has been appointed Assistant Engineer 
to the General Manager of the Denain Plant of the 
Usinor Society, France. 

> Mr. W. H. Scuorretp has joined the Development 
Section of Messrs. Richard Thomas and Baldwins, Ltd., 
at Scunthorpe, Lincs. 

> Mr. J. SHaw has vacated his post as Principal Metal- 
lurgist at Messrs. Wm. Jessop and Sons, Ltd., and as 
from Ist August, 1949, has taken up the post of Metal- 
lurgist to the London Transport Executive at their 
Central Laboratory, Chiswick, London, W.4. 

> Mr. J. W. Sranton has relinquished his post with the 
Indian Ordnance Department, and has been appointed 
Foundry Manager at the Kumardhubi Engineering 
Works, Ltd., of Bihar, India. 

> Mr. J. P. Sutciirre has left the Noranda Copper and 
Brass, Ltd., of Montreal East, Quebec, and has joined 
the Mueller Brass Co., Port Huron, Michigan, U.S.A. 
> Mr. J. D. SwrinDALE has taken up an appointment 
as assistant metallurgist, in the Scientific Research 
Department of British Railways, at Derby. 

> Mr. R. F. Tytecore has been awarded an I.C.I. 
Research Fellowship at London University, and is taking 
up the appointment in the Department of Metallurgy, at 
the Imperial College of Science and Technology. 

> Mr. B. Warkrns has left University College, Swansea, 
to join Messrs. Stewarts and Lloyds, Ltd., of Corby, 
Northants, 

> Mr. H. WessTER, Chief Engineer at the Scunthorpe 
works of Messrs. Thos. Firth and John Brown, Ltd., 
has been appointed to a similar position at Messrs. Stew- 
arts and Lloyds, Ltd. 


Obituary 


Mr. F. LinpLEyY DUFFIELD, in Sydney, Australia., on 
22nd July, 1949. 

Mr. Harry THOMAS EpwarRp FISHER, of Thames 
Ditton, Surrey, on 2nd August, 1949. 

Mr. WALTER REICHSFELD, in Vienna. 
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CONTRIBUTORS TO THE JOURNAL 
J. M. Tweedy, BA, D.LC., A.M.I.Chem.E.—A 


member of the staff of the Blast-Furnace Research 
Laboratory of the Imperial College of Science and 
Technology. Mr. Tweedy was born in 1923. He was 
educated at Tynemouth School, Northumberland, and 
at Queens’ College, Cambridge, where he gained a First 
Class in Part I of the Natural Sciences Tripos (B.A. Hons.) 
in 1943. He then took a post-graduate course in chem- 
ical engineering in the Department of Chemical Tech- 
nology at the Imperial College, where he gained the D.I.C., 
in 1944. 

Mr. Tweedy took up his present position in 1945, 
and is now engaged on the experimental blast-furnace 
at Stoke-on-Trent. 


J. Stringer, B.A.—In the Plant Engineering Division 
of the British Iron and Steel Research Association. 
Mr. Stringer was educated at Wolverhampton Grammar 
School, and at St. John’s College, Cambridge, where 
he took a First Class in the Mechanical Sciences Tripos, in 
1945. He was engaged in research on large flying boats 
for the Ministry of Aircraft Production before taking 
up his present position in January, 1948. 


D. Binnie, B.Sc., Ph.D., A.R.T.C., F.I.M.—Chief Metal- 
lurgist of the Lancashire Steel Corporation, Ltd., Irlam, 
and Director of the Whitecross Co., Ltd., Warrington. 

Dr. Binnie received his education at the Royal 
Technical College, Glasgow, graduating in 1924 with 
B.Sc. in ferrous metallurgy. He was then connected 
with the Natural Philosophy Department of the College, 
where he obtained the degree of Doctor of Philosophy 
for published work on the overstraining of steel. 

He was later awarded an Andrew Carnegie Research 
Scholarship on behalf of the Heterogeneity of Steel 
Ingots Committee. 

Dr. Binnie has been with the Lancashire Steel Cor- 
poration since 1931. During the last ten years he has 
published papers connected with rimming and killed 
steel ingots. 

He is a member of the Ingot Committee, and of the 
Ingot Surface Defects Sub-Committee of the British 
Tron and Steel Research Association. He is President of 
the Manchester Metallurgical Society. 


IRON AND STEEL ENGINEERS GROUP 
Eleventh Meeting 


The ELEVENTH MEETING of the Iron and Steel 
Engineers Group will be held at the offices of the Insti- 
tute, 4 Grosvenor Gardens, London, 8.W.1, on Wednes- 
day, 14th December, 1949. 


Details of the papers to be discussed will be given in 
the November issue of the Journal. 


Meeting of Junior Engineers 


The Meeting of Junior Engineers arranged by the Iron 
and Steel Engineers Group and the Plant Engineering 
Division of the British Iron and Steel Research Associa- 
tion, announced in the September issue of the Journal, 
p. 89, will take place on Wednesday and Thursday, 
19th and 20th October, 1939, at Ashorne Hill, near 
Leamington Spa. The following is a detailed programme : 


Wednesday, 19th October, 1949 


4.0 p.m.—Tea at Ashorne Hill. 

5.0-7.0 p.m.—Discussion on ‘‘ The Repair and Main- 
tenance of Furnaces, with special reference to the Plan- 
ning of Open-Hearth Furnace Rebuilds,’ opened by 
Mr. 8S. Huntly (Consett Iron Co., Ltd.). 

7.15 p.m.—Dinner. 

8.30—9.30 p.m.—Accident Brains Trust. 


Thursday, 20th October, 1949 


From 7.30 a.m.—Breakfast. 

9.15 a.m. to 12.0 Noon—Discussion on ‘‘ Planned Main- 
tenance of Mechanical and Electrical Machinery in Iron 
and Steel Works,” opened by Mr. C. E. Roebuck 
(Messrs. Steel, Peech and Tozer), and Mr. W. 
Mainwaring (Steel Company of Wales, Ltd.). 

12.15 p.m.—Luncheon and disperse. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Recent Metallurgical Applications of Optical Techniques 


A Conference was held at Ashorne Hill, Leamington 
Spa, on Monday and Tuesday, 9th and 10th May, 1949, 
at which metallurgical applications of certain optical 
techniques were discussed. The Chairman of the 
Optical Methods Sub-Committee of the British Iron and 
Steel Research Association, Dr. G. K. T. Conn (Sheffield 
University) took the chair. Mr. E. W. Colbeck (Hadfields, 
Ltd.), Chairman of the New Techniques Committee, 
opened the proceedings. 

One hundred and fifty people attended, about eighty 
from industry, forty from research associations and 
Government laboratories, and thirty from universities. 

Mr. K. J. Habell (National Physical Laboratory) 
explained the principles of phase contrast microscopy. 
The advantage of the method over orthodox microscopy’ 
is that small phase differences in light, reflected from a 
metallurgical specimen, can be transformed into intensity 
or brightness differences in the image. The apparatus 
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required to adapt a microscope for phase contrast is 
relatively simple. Mr. D. McLean (N.P.L.) illustrated 
the use of the technique in metallography with a large 
number of very striking micrographs. Dr. A. F. Halli- 
mond (Geographical Survey) also described the ‘stop 
contrast ’ techniqie. 

Mr. R. L. Drew (Bristol University) discussed the devel- 
opment and principles of the reflecting microscope. 
This instrument, developed in this country largely by 
Dr. C. R. Burch, F.R.S., has two extremely valuable 
properties, complete achromatism and a significantly 
greater working distance for a given magnification than 
the orthodox microscope. The first gives the possibility 
of using infra-red or ultra-violet illumination, and the 
second gives facility for using, for example, a high tem- 
perature stage. Mr. K. W. Keohane (Bristol University) 
illustrated a metallurgical use of the instrument to study 
the oxidation of molybdenum at high temperatures. 
Dr. F. Hekker (N.V. Optische Industrie ‘de oudedelft’) 
described a microscope manufactured commercially in 
Holland, using spherical reflecting surfaces with a num- 
erical aperture of 0-2. Mr. W. E. Seeds (King’s College) 
described a reflecting objective, also using spherical 
surfaces, with a numerical aperture of 0-5, and Mr. 
H. T. Heal (B.I.8.R.A.) described a reflecting objective 
designed for high-temperature microscopy. 

The principles of multiple-beam interferometry were 
described and illustrated by Professor 8S. Tolansky 
(Royal Holloway College). This technique has been 
developed in his laboratory during the past few years 
and, in particular, during the last two years its applications 
to metal surfaces have been studied. Under good con- 
ditions, the technique can measure height differences 
in a surface to within a few-atomic distances. Its use 
in metallography was illustrated by Mr. J. Holden 
(Royal Holloway College). Mr. D. G. Nichols (Royal 
Holloway College) described, in particular, the use of the 
technique to study abrasion cuts in metal surfaces. 

Discussion throughout the Conference proved that the 
subjects were of great interest. In the final general 
discussion, Mr. H. Morrogh (B.C.I.R.A.) and Mrs. P. 
Dunsmuir (B.T.H. Co. Ltd.) drew attention to the value 
of polarized light in metallography. 


AFFILIATED LOCAL SOCIETIES 
Ebbw Vale Metallurgical Society 


In the List of Officers published in the August issue of 
the Journal (p. 476) it was stated that Mr. J. H. Steele 
was Vice-Chairman and Honorary Treasurer of the 
Society. Information has now been received from the 
Secretary that Mr. H. Evans has been elected Honorary 
Treasurer. 


Sheffield Society of Engineers and 
Metallurgists 


The List of Officers for the present session, who will 
hold office until December, 1949, is as follows: 
President 


Basit W. DoNCASTER 


Vice-Presidents 


G. Baker, O.B.E. Professor R. J. SARJANT, 

L. K. Everitt, B.Met. D.Sc. 

R. E. 8S. FisHer, Professor H. W. Swirr, 
M.Inst.C.E. D.Sc. (Eng.). 
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Hon. Treasurer Hon. Secretary 
L. K. Everitt, B.Met. E. J. THACKERAY 
Members of Council 


E. D. Boon W. G. IBBERSON 
H. Bui W. R. Mappocks, B.Sc., 
H. H. Burton Ph.D. 


E. Grecory, Ph.D. J. A. MCWILLIAM 
M. A. FIENNES D. A. OurvEer, M.Sc. 
G. E. GiLFILLaNn F. H. SAnrTER 


C. Syxss, D.Sc., F.R.S. 


INSTITUTE OF METALS 


Symposium on Metallurgical Applications 
of the Electron Microscope 


A one-day Symposium is being organized by the Insti- 
tute of Metals with the Chemical Society, Electron 
Microscope Group of the Institute of Physics, Faraday 
Society, Institution of Electrical Engineers, Iron and 
Steel Institute, Physical Society, and the Royal Micro- 
scopical Society. It will be held in the Lecture Theatre 
of the Royal Institution, 21 Albemarle Street, London, 
W.1, on 16th November, 1949, beginning at 10.0 a.m. 
An exhibition of related apparatus will be held during 
the meeting. 

A list of papers to be presented at this Symposium 
is given below. A limited number of preprints of these 
papers will be available to any member who notifies his 
intention to be present at the meeting ; it is particularly 
requested, however, that those who cannot be present 
shall await the report, which will include both papers and 
discussion. Application should be made to the Secretary, 
The Iron and Steel Institute, 4 Grosvenor Gardens, 
S.W.1. 

“The Application of the Electron Microscope in 
Metallography.” (Introductory Paper), by N. P. 
Allen (N.P.L.) 

“The Application of the Electron Microscope in 
Routine Metallography,” by G. L. J. Bailey and 
S. Vernon-Smith (B.N.F.M.R.A.) 

** Elementary Slip Processes in Aluminium as Shown 
by the Electron Microscope,” by A. F. Brown (Caven- 
dish Laboratory) 

** Some Observations on the Age Hardening Process in 
an Aluminium—Copper Alloy,” by G. L. Bucknell 
and G. A. Geach (A.E.J. Research Laboratory) 

** Studies in the Electron Microscopy of Nickel—Chrom- 
tum Alloys,” by B. 8. Cooper and G. A. Bassett 
(G.E.C.) 

“ Electron Microscopy in Metallurgy,” by Professor 
P. Grivet (Sorbonne, Paris) 

* Electron Microscopy of Light Metal Alloys,” by F. 
Keller (Aluminium Company of America) 

** Electron Microscopical Work on Metallurgical Prob- 
lems in Germany During and Since the War,” 
by H. Mahl, (Siiddeutsche Laboratorien G.m.b.H.) 

“A Note on the Examination of Metal Powders by the 
Electron Microscope,’ by J. I. Morley, (Firth- 
Brown Research Laboratories) 

“A Replica Technique for the Examination of Fracture 
Surfaces with the Electron Microscope,” by J. Nutting 
(B.1.8.R.A.) and V. E. Cosslett (Cavendish Labora- 
tory) 

“The Dry Stripping of Formvar Replicas from Etched 
Metal Surfaces,’ by J. Nutting (B.I.S.R.A.) and 
V. E. Cosslett (Cavendish Laboratory) 

‘The Microstructure of a Water-Quenched Carburized 
Iron,” by J. Trotter, D. McLean, and C. J. B. 
Clews (N.P.L.) 
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NEWS OF SCIENCE AND INDUSTRY 


British Association of Chemists 


Dr. A. H. Leckie, Ph.D., F.R.I.C., Head of the 
Steelmaking Division of the British Iron and Steel 
Research Association, is to present a lecture on ‘‘ Some 
Aspects of Research on Iron and Steel Production Plant” 
to the Association, in conjunction with the London 
Section of the Society of Chemical Industry. The 
Lecture will be held at 7.0 p.m. on Wednesday, 5th 
October, 1949, in the Lecture Hall of the Wellcome 
Research Institution, Euston Road, N.W.1. 


Electronics Symposium, 1949 


Following the success of the symposuim on the appli- 
cation of electronics to research and industry, held in 
October, 1948, The Scientific Instrument Manufacturers 
Association of Great Britain, Ltd., have decided to hold 
a symposium each year. The meeting this year will be 
held at the Examination Hall, Queens Square, London, 
W.C.1, from 2.30. p.m. on Wednesday, 2nd November, to 
12.30 p.m. on Friday, 4th November, 1949. 

An exhibition of the latest types of British scientific 
and electronic instruments will be held during the period 
of the symposium. 


Royal Statistical Society —Industrial Applications 
Section 


A provisional group of this Section has been success- 
fully operating in South Wales, and meetings have been 
held in Crumlin, Cardiff, and Swansea during the last 
year. A formal group, to be called the South Wales 
Group, has now been inaugurated under the Chairman- 
ship of Dr. T. V. Starkey of the Technical College of 
Monmouthshire. 

The Section is concerned with the application of 
statistical techniques to all aspects of industry, including 
industrial research, development and manufacture, and 
inspection, and is playing its part in satisfying the current 
need for higher and more efficient production. 

Visitors are cordially invited to attend its meetings. 
Further information and forms for application for 
membership can be obtained from Mr. E. Lloyd, at the 
Technical College of Monmouthshire, Crumlin. Informa- 
tion concerning groups already existing in Birmingham, 
London, Newcastle, Sheffield, and Tees-side can be 
obtained from the Secretary of the Section, Miss J. Keen, 
G.E.C. Research Laboratories, Wembley, Middx. 


Beilby Memorial Awards 


From the interest derived from the invested capital of 
the Sir George Beilby Memorial Fund, at intervals 
to be determined by the administrators, representing 
the Royal Institute of Chemistry, the Society of Chemical 
Industry, and the Institute of Metals, awards are made 
to British investigators in science to mark appreciation 
of records of distinguished work. Preference is given to 
investigations relating to the special interests of Sir 
George Beilby, including problems connected with fuel 
economy, chemical engineering, and metallurgy, and 
awards are made, not on the result of any competition, 
but in recognition of continuous work of exceptional 
merit, bearing evidence of distinct advancement in 
science and practice. 

In general, awards are not applicable to workers of 
established repute, but are granted as an encouragement 
to younger men who have done original independent 
work of exceptional merit over a period of years. In 
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recent years the amount of each award has commonly 
been 100 guineas. 

Consideration will be given to the making of an 
award or awards from the Fund early in 1950, and the 
administrators will therefore be glad to have their 
attention drawn to outstanding work of the nature 
indicated, not later than 3lst December, 1949. 

All communications on this subject should be addressed 
to the Convener, Administrators of the Sir George Beilby 
Memorial Fund, Royal Institute of Chemistry, 30 Russell 
Square, London, W.C.1. 


European Recovery Programme 


The Organisation for European Economic Co-operation 
has published a Report dealing with problems relating 
to the increase and co-ordination of production of iron 
and steel among participating countries. The Report 
is now available at H.M.S.O. (price 1s.). 

The estimated 1952-53 production of crude steel in 
O.E.E.C. countries totals some 57-5 million tons, an 
increase of 58% (excluding German production) over the 
1935-38 figures. Including Western German production, 
which is limited by international agreement, the total 
increase will be 30% over 1935-38. The output a year 
or two later, when existing development plans are 
complete, should reach some 59 million tons. 

Except for small quantities of specialized steels, 
no imports of steel will be required from the U.S.A. by 
1952-53, as some O.E.E.C. countries are aiming at a 
greater degree of self-sufficiency in steel production, 
and traditional exporters will therefore have to seek new 
outlets. Planned imports of finished steel by O.E.E.C. 
countries from other O.E.E.C. countries in 1952-53 stand 
at 3-7 million tons, leaving some 5-5 million tons for 
export to non-participating countries. The marketing 
position is complicated by the fact that many former 
importing countries are expanding their own steel 
capacity. It is estimated that demand outside O.E.E.C. 
countries will not exceed 4 million tons. 

Where iron ore is concerned, plans are in hand for 
an expansion of output which should be adequate to 
meet requirements. The main potential sources are 
French North Atrica, West France, and Norway, but 
Sweden and Sierra Leone also foresee increases in exports. 

Supplies of ferro-alloys should be adequate to meet 
requirements. 


Protective Equipment for Handling Radium Sources 


In the News Section of the August issue of the Journal 
(p. 477), particulars were given of the supply of 
radium and radon for industrial use. For many years 
Messrs. Johnson, Matthey and Co., Ltd., have main- 
tained a laboratory specially equipped and staffed to 
carry out research in this field, and to develop improved 
radiography techniques. Particular attention has been 
given to the question of safety and to devising methods 
of reducing to the minimum the amount of radiation to 
which the operator is exposed. As a result of the ex- 
perience gained in this work, a number of special items 
of equipment have been designed which have proved 
efficient and, at the same time, simple to operate. 
These include a portable carrier, a mobile stand and 
sighting device, and a time-controlled exposure unit. 
Arrangements have now been made to manufacture 
these in quantity, so that they may be generally available. 

Instructions can be sent to the Radiochemical Centre 
for the dispatch of radium sources to the Johnson, 
Matthey laboratories at Wembley, for fitting into 
approved carriers. In this way the user avoids the 
major risks associated with the handling of unscreened 
radio-active materials. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








216 ANNOUNCEMENTS AND NEwS 


Research Centre in Norway 

It is proposed to co-ordinate all Norwegian Research 
in a centre near Blindern University, Oslo, with a 
metallurgical branch at the Norwegian Institute of 
Technology at Trondheim. 


The International Nickel Company of Canada, Ltd. : 
Retirement of Mr. Frederick P. Bernhard 


Mr. FREDERICK P. BERNHARD retired from the position 
of Comptroller of The International Nickel Company of 
Canada, Ltd., on Ist August, 1949, a position he has 
held since 1933. Mr. Bernhard joined the company in 
1899, and with fifty years’ consecutive service he has 
served the company longer than any other active 
employee. He has seen the company’s production of 
nickel and copper increase from approximately 7,000,000 
lb. of each metal to over 230,000,000 Ib. 


Record Production Fig ures 


The East Moors Works, Cardiff, of Guest Keen 
Baldwins, Limited, report a record ingot production of 
14,399 tons for the week ending 20th August, 1949, 
as against their previous best of 14,109 tons for the week 
ending 9th October, 1948. 

During the same week the agglomerating plant also 
broke its previous record of 3,375 tons, made during the 
week ending 9th November, 1941, by an additional 
109 tons. 


Technical Developments Pty., Ltd. 


The above company has been formed in Melbourne, 
Australia, by a group of experienced and qualified 
engineers and chemists. Its objects are to study the 
application to Australian industry of overseas and local 
research, to acquire licences in relation to new processes, 
materials, and equipment, and to undertake agency and 
consultative work in the technical field for overseas 
organizations. 

Memoranda 
Mackenzie Engineering Co., Ltd. 

The name of the Mackenzie Engineering Co., Ltd., 
has been changed to Mackenzie Engineering, Ltd., 
and its main office is at 33 Cork Street, London, W.1., 
as from Ist August, 1949. 


DIARY 


3rd-8th Oct.—Socrzt&é FRANCAISE DE METALLURGIE. 
Annual Meeting—Maison de la Chimie, Paris. 

3rd-8th Oct.—InstiTuTE or METALs—Autumn Meeting 

-Maison de la Chimie, Paris. 

5th Oct.—BritisH ASSOCIATION OF CHEMISTS—‘‘ Some 
Aspects of Research on Iron and Steel Production 
Plant,” by A. H. Leckie—Wellcome Research 
Institution, Euston Rd., London, N.W.1, 7.0 p.m. 

18th Oct.—Jornt MEETING or THE IRON AND STEEL 
INSTITUTE and the British JRON AND STEEL 
RESEARCH ASSOCIATION—Discussion on Corrosion 
and Corrosion Fatigue of Steel—4 Grosvenor Gar- 
dens, London, 8.W.1, 10.30 a.m. 

19th-22nd Oct.—Fimst INTERNATIONAL TECHNICAL 
CONGRESS ON PAINT IN THE BUILDING AND ALLIED 
INDUSTRIES—Paris. 

25th Oct.—Tue InstTItTuTE oF WELDING—Presidential 
Address, by O. V. S. Bulleid—The Institution of 
Structural Engineers, 11 Upper Belgrave Street, 
London, 8.W.1, 6.30 P.M. 

25th-27th Oct.—TuHE INsTITUTE OF WELDING—Autumn 
Meeting—The Institution of Structural Engineers, 
11 Upper Belgrave Street, London, 8.W.1. 

28th Oct.—FourtH HatTrieLD MemoriaLt LEcTtURE— 
“The Plastic Behaviour of Solids,” by Sir Andrew 
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McCance, F.R.S.—Firth Hall, Sheffield University, 
6.30 P.M. 

2nd-4th Nov.—TuHE Screntiric INSTRUMENT MANv- 
FACTURERS ASSOCIATION OF GREAT Britarn, Ltd.— 
Electronics Symposium—Examination Hall, Queens 
Square, W.C.1, 2.30. p.m. 

10th-11th Nov.—TxeE [Ron anv STEEL InstitTuTE— 
Autumn Meeting—4 Grosvenor Gardens, London, 
Si 1. 

15th Nov.—InstirutTe oF Furet and THE [Ron anp 
STEEL Institute (Joint Meeting)—‘‘ Dry Coke 
Cooling,”’ by G. E. Foxwell, and ‘‘ The Application 
of Dry-Coke Cooling Plants to Integrated Iron and 
Steel Works,” by L. H. W. Savage and A. V. 
Brancker, and Report by the Working Group of 
the Ministry of Fuel and Power—The Institution 
of Mechanical Engineers, Storey’s Gate, London, 
S.W.1, 5.30 p.m. 

16th Nov.—THE INsTITUTE oF METALS—Symposium 
on Metallurgical Applications of the Electron 
Microscope—The Royal Institution, 21 Albemarle 
Street, London, W.1, 10 a.m. 


TRANSLATION SERVICE 


(The previous announcement was made in the Septem- 

ber, 1949, issue of the Journal, p. 90.) 
TRANSLATIONS AVAILABLE 

No. 383 (German) R. PotumMan: ‘“‘ Examination of 
Materials by the Visible-Sound Method.” 
(Die Technik, 1948, vol. 3, Nov., pp. 465-470). 

No. 384 The Theory of Continuous Casting. 

(German) W. Rots : “‘ The Cooling of an Ingot 
in ‘ Water-Casting ’.”” (Aluminium, 1943, vol. 
25, July—Aug., pp. 283-291). 

(Russian) A. N. TrkHoNov and E. G. SHorov- 
sk1: “The Theory of Continuous Casting.” 
(Journal of Technical Physics, U.S.S.R., 1947, 
vol. 17, No. 2, pp. 161-176). 

Translated by Mr. P. Feldman and Mr. 8S. 
Klementaski, respectively, and made available 
through the courtesy of the British Iron and 
Steel Research Association, London. 

No. 385 (German) W. Baprnea: “‘ New Works Experience 
in the Manufacture of Low-Nitrogen Steels 
by the Bessemer Process.” (Stahl und Eisen, 
1949, vol. 69, Mar. 31, pp. 221-223). 

No. 386 (German) M. Hempet and H. Krue : ‘‘ Influence 
of the Yield Point on the Fatigue Strength of 
Steel.”’ (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Kisenforschung, 1942, vol. 24, No. 7, 
pp. 97-103). 

TRANSLATIONS IN COURSE OF PREPARATION 

(German) P. O. Vex : ** The Rated Fuel Consumption of 
Small Forge Furnaces.” (Stahl und Hisen, 1949, 
vol. 69, July 21, pp. 514-519). 

(Russian) G. V. Kurpsumov and O. P. MAKsIMova : 
“The Kinetics of the Transformation of Aus- 
tenite into Martensite at Low Temperatures.” 
(Doklady Akademii Nauk S.S.S.R., 1948, vol. 
61, Part 1, pp. 83-86). 

CHARGES FOR CoPrIEs OF TRANSLATIONS—The charge 
for the above translations is £1 for the first copy and 10s. 
for each additional copy of the same translation. Requests 
should be accompanied by a remittance. These trans- 
lations are not available on loan from the Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST— 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether they can be prepared for inclusion in 
the Series. 
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MINERAL RESOURCES 


Relation between the Arsenic and Phosphorus Content of 
Iron Ores and the Conditions of Their Formation. 8B. M. 
Federov. (Razvedka Nedr, 1947, vol. 13, No. 4, pp. 5-14: 
Chemical Abstracts, 1949, vol. 43, Mar. 25, col. 2138). 

Contribution to the Study of the Oolitic Iron Ores of Wabana 
(Newfoundland). Simonne Caillére and F. Kraut. (Comptes 
Rendus, 1949, vol. 228, Jan. 3, pp. 113-115). The results 
of a microscopical examination of an iron ore deposit, 
averaging 50% of iron, in Bell Isle, Conception Bay, 
Newfoundland, are described and the order of laying down 
of the minerals is discussed.— a. E. C. 

The Great Labrador Venture. (Fortune, 1948, vol. 38, 
Dec., pp. 114-121, 142- 144, 146, 149-150: [Abstract] 
Metals Review, 1949, vol. 22, Jan., p. 54). An account is 
given of how ‘Canadian and United States enterprise are 
co-operating to develop Labrador iron ore. 

Labrador Iron. H. Yahraes. (Scientific American, 1948, 
vol. 179, Nov., pp. 9-13). 

Development of Steep Rock Iron Mines. W. Samuel. 
(Iron and Steel Engineer, 1949, vol. 26, May, pp. 68-69). 
The Steep Rock iron ore deposit is partly under Steep Rock 
Lake in Canada. This part of the lake has been drained and 
the ore (59% iron) is being mined by open-pit workings. 
The “A” and “*B” ore bodies are expected to provide 
71,500,000 tons of ore, while the capacity of a third “C” 
ore body has not been determined.—J. Cc. R. 

The “Supraliassic ” Oolitic Iron Ore Deposit of the Haute- 
Sadne and Haute-Marne. P. L. Maubeuge. (Revue de 
l'Industrie Minérale, 1949, Apr., pp. 171-188). This is a 
report of a geological survey of the oolitic iron ore deposits 
of the regions . Haute-Marne and Haute Sadéne in Eastern 
France.—R. F. 

Iron Ore Mining near the Weser. G. Glatzel. (Stahl und 
Eisen, 1949, vol. 69, Mar. 17, pp. 175-181). After giving an 
account of the position, geology, and estimated resources of 
the iron ore in the Weser-Wiehen mountains (west of 
Hannover), the author describes the mining operations and 
gives data on the present production.—R. A. R. 

Investigation on Quartzites in Poland. Z. Tokarski. 
(Prace Badaweze Gléwnego Instytutu Metalurgii i Odlew- 
nictwa, 1949, No. 1, pp. 83-97). [In Polish]. 

The Formation Conditions of Apatite Iron Ores. S. Lander- 
gren. (Geologiska Féreningens i Stockholm Férhandlingar, 
1949, vol. 71, Mar.—Apr., pp. 293-302). [In Swedish]. The 
author looks upon the formation of apatite iron ores as a link 
in the metamorphic cycle within the upper lithosphere. The 
enrichment of iron, vanadium, phosphorus, and fluorine has 
taken place mainly in the exogene phase of development. 
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The Apatite Iron Ores and Geochemistry. B. Asklund. 
(Geologiska Foéreningens i Stockholm Férhandlingar, 1949, 
vol. 71, Mar.—Apr., pp. 333-346). [In Swedish]. The author 
disagrees with Landergren’s views on the formation of 
apatite ores (see prec — abstract), giving his reasons and 
his own conclusions.—R. A. R. 

Ferriferous Sands in Italy. E. Abbolito. (Ricerca Scien- 
tifica e Ricostruzione, 1946, vol. 16, pp. 1637-1643 : Chemical 
Abstracts, 1949, vol. 43, Mar. 25, col. 2133). This is a review, 
with full bibliography, of the distribution of ferriferous 
sands in Italy, giving their percentage and total magnetite 
contents. 

Manganese Deposits of Mexico. P. D. Trask and J. R. 
Cabo, jun. (United States Geological Survey, 1948, Bulletin 
No. 954-F). 

Manganese ~aevagaae . the Talamantes — near Parral, 
Chihuahua, Mexico. . Wilson and V. 8. Rocha. (United 
States Geological — Vs 1948, Bulletin No. 954-E). 

Geology of Tungsten Deposits in North-Central Chile. 
J. F. McAllister and C. Ruiz F. (United States Geological 
Survey, 1948, Bulletin No. 960-C). 

Tin-Bearing Placers near Guadalcazar, State of San Luis 
Potosi, Mexico. C. Fries, jun. and E. Schmitter. (United 
States Geological Survey, 1948, Bulletin No. 960-D). 

Eagle Mountain Iron Ore Reserves. (Steel, 1949, vol. 124, 
May 30, pp. 60-61). The Eagle Mountain iron ore, used in 
the Kaiser, Fontana, iron and steel plant, contains about 
54% iron as magnetite and hematite. Deposits are estimated 
as sufficient to supply 80% of the Fontana plant’s require- 
ments, even when a new 1200-tons/day blast-furnace com- 
mences operation, for 40 years.—J. P. Ss. 

Aspects of the Metallurgical Industry in Brazil. T. D. de 
Souza Santos. (Mineragao e Metalurgia, 1947, vol. 12, 
Oct.—Dec., p. 157). [In Portuguese]. Reserves of high- 
grade iron ore far exceed the requirements of the country. 
In view of the low unit value of iron ore, only large-scale 
exploitation and cheap transport per ton-kilometer are 
economical. 

Where cheap electricity is available, electro-metallurgy will 
gain in importance in Brazil owing to the shortage of coking 
coal and to the devastation of the Brazilian forests. Brazilian 
metallurgy will develop on the basis of coke made from a 
mixture of home and foreign coals, though in many regiors 
charcoal smelting is perfectly economical. The general 
tendency in Sao Paulo and other regions is to develop electric 
smelting processes which permit a 60% reduction in coke or 
charcoal consumption compared with the blast-furnace 
process. 

If large hydro-electric schemes to produce cheap electricity 
are realized, Brazilian metallurgy will be based on electric 
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reduction furnaces. Even on the basis of 1947 costs per 
kilowatt-hour, compared with charcoal prices, the Tysland- 
Hole furnace is economical. It has been planned for some 
years to build a hydro-electric centre in the Caraguatatuba 
region with a capacity of 500,000 h.p. to supply cheap 
electricity to the iron and steel works being built in the 
Paraiba valley to use the Minas Gerais iron ores. 

Notes on the production of aluminium, lead, and silver are 
included.—Rk. s. 

Geological and Mineralogical Research in Brazil. [. J. de 
Moraes. (Mineragao e Metalurgia, 1947, vol. 12, Oct.—Dec., 
pp. 163-165). [In Portuguese]. Brazilians have only now 
realized the necessity of exploring and exploiting the possi- 
bilities of their own country. The development of the South 
Brazilian coal reserves, the discovery of petroleum in Bahia, 
and of rock-salt, iron, and manganese was an engineering 
triumph. 

The author outlines the trend of mineral politics, the 
problems of power and the importance of developing special 
steels and ferroalloys. 

Fluxes and alloying elements (except vanadium and 
molybdenum which can be imported from Bolivia, Peru, and 
Mexico) occur in several parts of the United States of Brazil. 

Brazil considers it advisable to export ferroalloys rather 
than the raw materials so as to obtain maximum value from 
the latter. This will also avoid congesting transport with 
bulk cargoes of cheaper raw materials (a most important 
problem in Brazil).—R. s. 

Magnetite Deposits at Morro do Ferro, Oliveira, Minas 
Geraes Region. L.J.de Moraes. (Mineragao e Metalurgia, 
1948, vol. 12, Jan.—Feb., p. 223). [In Portuguese]. These 
deposits in eastern Minas Geraes have been known for a 
long time, but no data were available as to the nature of their 
occurrence. The region consists of mixed gneisses resulting 
from the injection of granite magma, and the iron ore is 
probably an itabirite altered by contact with the intrusion 
of granite apophysis.—R. s.__ 

Ferriferous Deposits of Pitangui and Sao Luiz in the Minas 
Gerais Region. L. F. Gonzaga de Campos. (Mineragao e 
Metalurgia, 1948, vol. 12, Jan.—Feb., p. 225). [In Portuguese]. 
The extent of the Pitangui deposits is feats in detail 
with a sketch map. This ore is not hard hematite and is not 
even as compact as the Itabira ores, but is rather an aggregate 
of small oligist layers with a more friable texture. It is 
much more porous and reducible than magnetite and thus 
more suitable for the charcoal blast-furnaces. The Sao Luiz 
ores are also mostly micaceous oligist, but are generally much 
more compact than Pitangui ores.—R. 8. 

On the Origin of the Manganese Deposits of Amapa. V. 
Leinz. (Mineragao e Metalurgia, 1948, vol. 12, Mar.—Apr., 
p. 269). [In Portuguese]. These deposits, discovered in 1946 
along the Amapari river in Amapa territory, are one of the 
most important in the Western Hemisphere, and are only 
surpassed perhaps by the Urucum deposits in the Matto 
Grosso. The geology of the deposits is described. 

Arsenic in these ores is probably introduced in the original 
sediments as arseno-pyrites which occur with the secondary 
deposition of manganese.—R. s. 

The Problem of Exporting Ceara Magnesite. (Mineragao e 
Metalurgia, 1948, vol. 13, July—Aug., p. 87). [In Portuguese]. 
This question was examined by the National Council of 
Mining and Metallurgy. Rolling stock is one of the main 
needs. Magnesite, gypsum and diatomite occur in this 
region. Support in solving this problem of transport is 
expected from the Argentine, Uruguay, U.S.A., France, and 
Sweden. Market possibilities are outlined. The necessity 
of modernizing existing scarce and out-of-date rail facilities 
and of developing the port of Fortaleza is stressed.—r. s. 

Study of Samples of “ Itabirite’ (Banded Ironstones) of 
Luembe-Lubilash (Katanga). L. Cahen. (Comité Spéc. 
Katanga, Ann. Service Mines, 1948, No. 12-13, pp. 93-119). 
Microscopical study shows that the iron in these ores of the 
Belgian Congo was originally present as magnetite, but is 
now largely martite. 


ORES—MINING AND TREATMENT 
Proposed Flowsheet for Taconite Concentration at Babbitt. 


H. K. Martin. (American Institute of Mining and Metal- 
lurgical Engineers, Proceedings of the Blast Furnace, Coke 
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Oven and Raw Materials Committee, 1948, vol. 7, pp. 68-82), 
A beneficiation plant is to be built at etal Bay, Lake 
Superior, to treat taconite, containing about 24% of 
magnetite, from the Mesabi Range. The flow sheet for the 
plant is given. It is intended to produce about 2,480,000 
tons of concentrate from 7,143,000 tons of crude ore per 
annum.—R. A. R. 

Features of the Sintering Plant at Wisconsin Steel Works. 
P. R. Nichols. (American Institute of Mining and Metal. 
lurgical Engineers, Proceedings of the Blast Furnace, Coke 
Oven and Raw Materials Committee, 1948, vol. 7, pp. 83-86). 
A description is given of the Dwight-Lloyd 72-in. sintering 
plant at Chisholm, Min., which has operated from 1928 to 
1938 on fine Mesabi ores.—R. A. R. 

Operation and Practice, Campbell Sintering Plant. D. P. 
Cromwell. (American Institute of Mining ard Metallurgical 
Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1948, vol. 7, pp. 86-89). The 
sintering plant of the Youngstown Sheet and Tube Co., 
constructed in 1942, is described. It has 12 wind boxes for 
each of the two 72-in. travelling grates, and each grate 
produces about 50 tons of sinter per hour.—RrR. A. R. 

Sintering Plant and Practice at Steubenville. G. Wehr. 
(American Institute of Mining and Metallurgical Engineers, 
Proceedings of the Blast Furnace, Coke Oven and Raw 
Materials Committee, 1948, vol. 7, pp. 89-94). The sintering 
machine at the Steubenville works of the Wheeling Steel 
Corporation is described. The machine has 113 cast-iron 
pallets with six }-in. grate bars per pallet. The travelling 
grate is 72 in. wide and moves at 75 in./min. The production 
is about 1650 tons of sinter per 24-hr. day.—R. A. R. 

Sintering Practice at Fontana, California. J. D. 
Saussaman. (American Institute of Mining and Metal- 
lurgical Engineers, Proceedings of the Blast Furnace, Coke 
Oven and Raw Materials Committee, 1948, vol. 7, pp. 95- 
106). The preparation and sintering of ore at Fontana, 
California, are described. A Dwight-Lloyd machine 72 in. 
wide x 114 ft. 3 in. long is used. The 124 pallets of the 
machine pass over the 16 wind boxes at 70 to 84 in./min. A 
unique form of cooler has been designed. It consists of a 
rotary cooling table 46 ft. in dia. with a wall 8 ft. high raised 
to leave a 1 ft. 6 in. opening at the bottom through which a 
stationary plough extends for discharging. The cooler holds 
about 200 tons of sinter which is fed in on top and discharged 
by the plough, the time taken to pass through being about 
2hr. This cools the sinter sufficiently to prevent damage to 
the conveyors. Water is used to control dust, but none is 
used for cooling.—R. A. R. 

Operating Features and Practices at the Bethlehem Sintering 
Plant. A. H. Fosdick. (American Institute of Mining and 
Metallurgical Engineers, Proceedings of the Blast Furnace, 
Coke Oven and Raw Materials Committee, 1948, vol. 7, 
pp. 106-118). A description, with 27 illustrations, is given 
of the sintering machines and processes at the works of the 
Bethlehem Steel Corporation. There are three machines 
with grates 6 ft. wide x 83 ft. 3 in. long, and each machine 
has 13 wind boxes. As the sinter feed is very fine, wood 
shavings are added to open up the mix; the shavings are 
‘fluffed’ in rotating barrels, fitted with internal spiral 
blades. Ignition is with blast-furnace gas, of which 850 cu. ft. 
are required per ton of sinter. Each machine has a 105-in. 
dia. fan capable of pulling 115,000 cu. ft./min. of free air 
through the bed.—Rr. A. R. 

Operating Features at the Zug Island Sintering Plant. 
C. P. Betz. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1948, vol. 7, pp. 118-123). The 
Dwight-Lloyd sintering plant and saxilacy equipment at the 
works of the Great Lakes Steel Corporation are described. 
Dust from the gas-washer water is reclaimed in two 80-ft.-dia. 
double-cone Dorr thickeners. An open gas-air burner is 
used for ignition and a new design of swinging spout was 
designed to ensure even distribution and an open bed on 
the travelling grate. The wear on pallet hubs was decreased 
by fitting a steel wear plate.—-R. A. R. 

Sintering to Raise Iron Ore Output. (Engineering and 
Mining Journal, 1949, vol. 150, June, p. 59). — Brazil’s First 
Sintering Plant now in Operation at Minas Gerais. (Blast 
Furnace and Steel Plant, 1949, vol. 37, Apr., pp. 445 
446). New Brazilian Sintering Plant. (Steel, 1949, vol. 124 
Apr. 18, p. 96). A new plant has been erected by Cia. 
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Siderurgica Belgo-Miniera, at Monlevade, Minas Gerais, 
Brazil. It employs the Greenawalt sintering process, using 
waste charcoal as a fuel. The ore, which contains above 
60% of iron, consists of 60% lumps and 40% fines; the 
sinter produced is low in silica, soft but not too fragile, and 
behaves excellently in the company’s charcoal blast-furnaces, 
giving a 20-30% increase in production and a corresponding 
saving in fuel.—J. P. s. 

An Approach to Taconite Utilization. J. J. Howard. 
(Iron Age, 1949, vol. 163, Apr. 14, pp. 70-71). A new method 
is suggested for the utilization of taconite, which contains 
25-30% iron and 50°, silica. Avoiding the present processes 
involving fine-grinding, magnetic separation or flotation, etc., 
it is proposed to reduce the iron oxide directly to the metal by 
(1) grinding it to moderate size (—40 to —60 mesh) ; 
(2) mixing it with sufficient ground coke or coal for complete 
reduction; (3) compressing the mixture into briquettes; and 
(4) heating these in tunnel or rotary kilns. The tempera- 
ture required is 2500° F. (1370° C.), the time a few hours. 
The resultant product consists of spherical globules of iron of 
the composition of pig iron held loosely in a friable matrix 
of silica ; the iron is recovered by unspecified ‘ well known’ 
methods.—J. P. 8S. 

Softening Temperatures of Iron Ores and Agglomerates. 
L. M. Tsylev. (Bulletin de l’Académie des Sciences, 
U.R.S.S., Classe des Sciences Techniques, 1948, June, pp. 889— 
898). {In Russian]. 

Concentration of Ferrous Metal Ores for 80 Years. V. A. 
Kulibin. (Gornyi Zhurnal, 1947, vol. 121, No. 11, pp. 37-40). 
This brief review covers the years 1917-1947. 

Concentration of Iron Ores in Heavy Suspensions. V. A. 
Perov. (Gornyi Zhurnal, 1947, voi. 121, No. 10, pp. 31-35). 

Preparation of Raw Materials for the North-West Metal- 
lurgical Plant. I. A. Shklyarevich. (Gornyi Zhurnal, 1947, 
vol. 121, No. 6, pp. 27-31 : Chemical Abstracts, 1949, vol. 43, 
Feb. 25, col. 1293). The metallurgical plant is projected in 
the Leningrad area and is to utilize iron ore from Eno- 
Kovdorsk, Olenegorsk, Kirovogorsk deposits. Flowsheets 
for dry and wet concentration of these ores are given. 

Concentration of SO, Content of Dwight-Lloyd Sintering 
Machine Gas by Recirculation. W. S. Reid. (American 
Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 2554: Journal of Metals, 1949, vol. 1, Apr.. 
Section 3, pp. 261-266). 

Fused Ore for the Open Hearth. E.S. Kopecki. (Lron Age, 
1949, vol. 163, Apr. 7, pp. 82-86). A plant for the continuous 
fusion of iron ore, or other iron-bearing materials such as ore 
fines, flue dust, gas-washer sludges or pyrites cinder has been 
developed by Hanna Furnace Co., Buffalo, on the lines of the 
Follsain sintering process. The charge, mixed with coke 
breeze or anthracite fines, is fed into a rotary kiln: some 
3-5 ft. from the discharge end, a blast of air, heated to 
1300° F. (705° C.), is foreed downwards on to the material, 
generating a temperature suflicient to fuse it. It is discharged 
either in a semi-fused, lumpy state, or as liquid into pans on 
a conveyor belt. After screening it may be used for open- 
hearth feed ore, open-hearth charge ore, or blast-furnace ore. 
Fines are returned to the kiln. If fuel in excess of the require- 
ments for fusion is added, some reduction takes place and the 
iron content may be increased from 50-—55°,, to about 70%. 


os Bee. 
Sedimentation Analysis of Crushed Mineral Products with 
the Aid of a Quadrant-Float Apparatus. I. Z. Margolin. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Apr., pp. 484-488). 
{In Russian]. A method of determining the size-distribution 
in suspensions is described. The motion of a counter- 
balanced float immersed in the suspension from the end of a 
pivoted arm is observed with the aid of an optical lever. 
The size-distribution is deduced from the character of the 
motion of the spot of light. Magnetite suspensions were 
among those investigated by this method.—s. xk. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Combustion with Oxygen and Oxygen-Enriched Air. Part 
2. Determination of the True Composition of the Products 
of the Theoretical Combustion with Oxygen and Oxygen/Nitro- 
gen Mixtures at Temperatures up to 2500° C. at Atmospheric 
Pressure. H. R. Fehling and T. Leser. (Journal of the 
Institute of Fuel, 1949, vol. 22, Feb., pp. 123-125). This 
paper completes an earlier investigation into the possibilities 
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of oxygen enrichment of combustion air (see Journ. I. and 8.1., 
1948, vol. 159, Aug., p. 432). 

Investigation of Burner Coefficient ‘‘ k ’’ and Heat Flow in 
Gas-Fired Furnaces. RK. Dawidowski and T. Senkara. 
(Prace Badaweze Gléwnego Instytutu Metalurgii i Odlew- 
nictwa, 1949, No. 1, pp. 59-72). [In Polish]. A 
coefficient for burner efficiency for gas-fired furnaces is 
developed. A special calorimeter devised to measure the 
absorption of heat at various points on a cold charge in a 
furnace is described and its use explained. The parts played 
by convection and radiation of furnace walls, gases, and 
flames is discussed and the changes in the relation between 
these factors with increasing temperature of the furnace 
walls are considered.—-R. A. R. 

Coal Washing in Colorado and New Mexico. J. D. Price 
and W. M. Bertholf. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 2548: 
Mining Engineering, 1949, vol. 1, Section 3, pp. 99-108). 
An account is presented of present-day practice at coal- 
washing plants in Colorado and New Mexico.—4J. ©. R. 

The Production of Metallurgical Coke. M. D. Edington. 
(Institute of British Foundrymen, June 14-17, 1949, Paper 
No. 942). A brief account is presented of factors affecting 
the choice of coal for coke-making, coal preparation methods, 
and regenerative and other types of coke ovens. 

A Suggested Method for the Determination of Coke Re- 
activity to Carbon Dioxide at Combustion Temperatures. 
H. E. Flanders. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 555-562). See Journ. I. 
and §8.1., 1949, vol. 161, Jan., p. 56. 

Influence of Grain Size of Coal Blends on the Properties of 
Blast-Furnace Coke. M. Czyzewski and F. Byrtus. (Prace 
Badaweze Gléwnego Instytutu Metalurgii i Odlewnictwa, 
1949, No. 1, pp. 73-81). [In Polish]. Laboratory tests are 
described in which blends of gas and coking coals were coked 
to determine the optimum grain size for producing blast- 
furnace coke with a high mechanical strength.—rR. A. R. 

Pressures Developed during Carbonisation. (Coke and Gas, 
1949, vol. 11, Jan., pp. 7-13). A description is given of the 
Russell experimental coke oven, of the British Coke Research 
Association, with an oven chamber 28 in. long x 42 in. high 
12 in. wide, of fused alumina brick, which can be heated on 
both sides. One wall is mounted on wheels and a system of 
levers enables the swelling pressure of the charge to be 
measured. The results of swelling tests on a number of 
Welsh coals are given. Coals having a volatile matter con- 
tent (on the dry ash-free less CO, basis) above a certain figure 
develop little or no internal pressure during carbonization. 
the limiting figure is generally about 25°,,, but is as high as 
30°, for some of the upper seams of South Wales; most 
British coals comply with this condition.—R. A. R. 

The Recovery of Ethylene from Coke Oven Gas. P. M. 
Schuftan and J. Neill. (Coke and Gas, 1949, vol. 11, Jan., 
pp. 27-31). See Journ. I. and S.1., 1948, vol. 158, Apr., 
p. 528. 

Water Pollution Control in the Steel Industry. K. N. 
Bundy and P. E. Jordan. (Iron and Steel Engineer, 1949, 
vol. 26, Apr., pp. 79-86). An account is given of attempts 
made by the steel industry in U.S.A. to reduce river pollution 
by waste waters, especially by effluents from coke-oven 
plants.—J. Cc. R. 

American Developments in Fluidisation. (Coke and Gas, 
1949, vol. 11, Jan., pp. 16-17, 26). Recent American 
developments in the application of fluidization to coal pro- 
cessing are reported. Very large sums are being spent on 
research and some details of work with a large pilot plant 
of the Pittsburg Consolidated Coal Co. are given. Here the 
coal is crushed to form a fluidized bed and carbonized at 
about 425° C. Heat is added under precisely controlled 
conditions of time, temperature, and pressure to yield the 
maximum of gaseous or liquid fuel, whichever is desired, 
and a granular residue of char is left, which is highly reactive. 
At a pilot plant at Library, Pa., the fluidized coal is gasified 
in steam and oxygen at a high temperature to produce 
the synthesis gas required for the Fischer-Tropsch reaction. 

Bm. 4. RB. 

Some Aspects of the Breakage of Coke. H. H. Lowry and 
B. Epstein. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1948, vol. 7, pp. 3-27). Work 
on the mechanism of coke breakage at the Coal Research 
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Laboratory of the Carnegie Institute of Technology is 
reported. The conventional 4-drop shatter test (determining 
size distribution after dropping 50 lb. from a height of 6 ft. 
four times in succession) and tumbler tests are not satis- 
factory. Data should be obtained at successive stages 
(e.g., after 1, 2, 4, and 8 drops) instead of after the final drop 
only, and, in tumbler tests, data should be obtained after 
various numbers of revolutions. Two new tumbler-test 
characteristics are given: (1) The percentage of material 
below } in., and (2) the percentage of material over 1 in. 
based on the amount of material over } in. as 100%. Two 
straight lines are obtained when these factors are plotted 
against the number of revolutions.—R. A. R. 

A Laboratory Electric Filter. K. V. Malikov and N. A. 
Gruzdeva. (Zavodskaya Laboratoriya, 1949, vol. 15, Apr., 
pp. 482-484). [In Russian]. Two types of electrostatic 
filter are described which have been satisfactorily used in 
laboratory-scale investigations on coking processes.—s. K. 

A Note on the Metering of Crude Producer Gas in a Hori- 
zontal Main. W. G. Cameron. (Journal of The Iron and 
Steel Institute, 1949, vol. 162, June, pp. 185-188). The 
problems associated with flow measurement of hot, tarry 
producer gas are discussed, and a technique is described 
which is applicable to plants where vertical stretches 
of main suitable for location of the metering throat are not 
available. In the course of this work the occurrence of 
unexpected variations of recorded flow led to the installation 
of a recording gas calorimeter, which, it is suggested, is a 
valuable aid to routine control of gas production. 

Chemical Process Simplifies Cleaning of Gas Washers and 
Precipitators. J. M. Howell. (Steel, 1949, vol. 124, Apr. 11, 
pp. 101-104, 107). By the use of a solvent of unspecified 
composition, developed by Dowell, Inc., Cleveland, Ohio, 
both wet washers and electrostatic precipitators can be 
cleaned in a minimum of time.—4J. P. s. 

Some Notes on Electro-Precipitation in Germany. (British 
Intelligence Objectives Sub-Committee, 1949, Report No. 
1785: H.M. Stationery Office). This is a report on visits 
to German manufacturers of electrostatic gas-cleaning plant 
and to installations at works and power stations. Gas 
cleaners made by Lurgi Apparatebau G.m.b.H., I.G. Farben 
A.G., and Zschockewerke are described and the results 
obtained discussed. Many illustrations and drawings of the 
cleaners and components are presented.—R. A. R. 

Model Laws of Gasification and Smelting. S. Traustel. 
(Iron and Coal Trades Review, 1949, vol. 158, May 27. 
pp. 1167-1172; June 3, pp. 1225-1231). A theoretical 
study is presented of the applicability of the similarity theory 
(using small-scale models) to the problems of fuel technology 
and the smelting of iron ore.— J. Cc. R. 


REFRACTORY MATERIALS 
Testing Refractories for the Foundry. 8. M. Swain. 


(Transactions of the American Foundrymen’s Society, 1948, 
vol. 56, pp. 208-222). See Journ. I. and §.1., 1949, vol. 161, 
Jan., p. 57. 

Investigation of Refractory Materials (with Microscope and 
Reflected Light), D. S. Belyankin and ’. Ivanov. 
(Ogneupory, 1948, vol. 13, No. 6, pp. 251-256: American 
Ceramic Abstracts, 1949, Feb. 1, p. 53). 

Determination of the Effective Radius of Pores in Refractory 
Materials. L. A. Plotnikov. (Zavodskaya Laboratoriya, 
1949, vol. 15, Apr., pp. 494-495). [In Russian]. A modified 
form of the capillary-rise method of determining the effective 
radius of pores is described ; it can be used for refractory 
materials. The results of pore-radius determinations of a 
number of refractory materials by the proposed method are 
given.—s. K. 

Construction of Firebrick Hearth and Operation of Jones 
and Laughlin Steel Corporation’s No. 3 Blast Furnace at 
Aliquippa, Pennsylvania. E.H. Riddle. (American Institute of 
Mining and Metallurgical Engineers, Proceedings of the Blast 
Furnace, Coke Oven, and Raw Materials Committee, 1948, vol. 
7, pp. 127-130). The procedure for laying and drying the 
brick lining and blowing in the No. 3 blast-furnace of the 
Jones and Laughlin Steel Corp. is described in detail. 
The hearth, 28 ft. 6 in. in dia., was made 12 ft. thick of blocks 
18 x 9 x 4} in., which were dried out by electric heating 
elements.—R. A. R. 

Carbon Hearths in Republic Blast Furnaces. F. H. 


Janecek. (American Institute of Mining and Metallurgical 
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Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1948, vol. 7, pp. 130-139). 
Several types of hearth construction are represented in nine 
blast-furnaces with carbon block linings at plants of the 
Republic Steel Corp. The Warren furnace has a single 
pad of carbon blocks 30 in. thick below the firebrick 
hearth. Another furnace has a single bottom layer of 
carbon and a single side wall of carbon, backed by firebrick. 
The third type consists of a double layer at the bottom and 
double side walls, and the fourth type has a double layer 
bottom and single side walls. Carbon blocks 24 x 30 in, 
in blocks up to 15 ft. long are used.—Rr. A. R. 

Use of Small and Large Blocks in Carbon Hearth Construc- 
tion. W. C. Bennett. (American Institute of Mining and 
Metallurgical Engineers, Proceedings of the Blast Furnace, 
Coke Oven and Raw Materials Committee, 1948, vol. 7, 
pp. 139-145). The construction and subsequent experience 
in the use of linings of two blast-furnaces made with carbon 
bricks and one with a large-block hearth are discussed. The 
large-block type of hearth appears to be preferable as it 
prevents the formation of furnace bear, whereas the hearth 
of smaller bricks permits a certain amount of iron to 
penetrate. Each furnace has been banked six to eight times, 
occasionally for as long as 60 days, and no breakouts or 
serious bottom troubles were experienced. The entire 
hearth lining should be either of firebrick or of carbon ; the 
materials are so dissimilar that they should not be used 
together. From the operating standpoint the carbon hearths 
are very satisfactory.—-R. A. R. 

Design of Carbon Hearth at Zenith Furnace. R. W. 
Thompson. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1948, vol. 7, pp. 146-148). Full 
details are given of the construction of a carbon block hearth 
14 ft. in dia. and walls 6 ft. 3 in. high to a blast-furnace of 
the Interlake Iron Corp., Duluth, Minn. The hearth 
bottom consisted of fireclay bricks 6 ft. deep on which carbon 
blocks 24 in. deep, 30 in. wide and up to 16 ft. long were 
laid with 2 in. longitudinal spaces between the sides ; these 
spaces were filled by ramming in a soft mixture of the same 
material as the carbon block plus tar oil. The furnace has 
been operating for two years without trouble of any kind. 

R. A. R. 

Design of Carbon Hearth and Carbon Tapping Hole. H. E. 
McDonnel. (American Institute of Mining and Metallurgical 
Engineers, Proceedings of the Blast Furnace, Coke Oven and 
Raw Materials Committee, 1949, vol. 7, pp. 148-167). The 
design of the carbon hearth and carbon tap hole at a blast- 
furnace of the Weirton Steel Co. is described. The hearth is 
25 ft. 6 in. in dia. and it consists of two layers of carbon 
blocks 30 in. wide ~« 22% in. thick, making a total thickness 
of 3 ft. 9 in., the maximum length of block being 15ft. The 
double crucible wall of carbon blocks extends from the 
hearth to 5 in. below the centre line of the cinder notch. 
The tap hole is made up of two blocks forming a hole 10 in. 
in dia. on the outside of the furnace. There has been no 
difficulty in maintaining strong tap holes 5 to 7 ft. long. 

R.A. &: 

Composition and Structure of Stalactites Formed under 
Dinas Roofs of Open-Hearth Furnaces. V. A. Bron. (Comptes 
Rendus (Doklady) de VAcadémie des Sciences, U.R.S.S., 
1948, vol. 62, Sept. 1, pp. 125-127). [In Russian]. 

Acid Ramming Aggregate without Boric Acid, Especially 
for High-Frequency Furnaces. H. Stiitzel. (Stahl und 
Hisen, 1949, vol. 69, Mar. 31, pp. 232-233). It was usual to 
add 1-2% boric acid to quartzite when preparing acid lining 
material for furnaces; the boric acid, which helped the 
mixture to frit, became very scarce and substitutes were 
sought. It was found that Taunus quartzite from Saalburg 
would frit without boric acid. Data on the properties of this 
quartzite are given.—R. A.R. 


BLAST-FURNACE PRACTICE AND PRODUCTION 
OF PIG IRON 


The Wundowie Charcoal Iron Wood Distillation Project. 
E. Fernie. (Journal of the Institution of Engineers, Australia, 
1949, vol. 21, Jan.—Feb., pp. 25-26). Brief details are given 
of a charcoal ironworks and wood distillation plant at 
Wundowie, 41 miles from Perth (Australia). There is a 
40-years’ supply of timber within 15 miles of the plant ; iron 
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ore comes from several small limonitic deposits not far away, 
and limestome from north of Perth. A charcoal furnace 
with a hearth diameter of 5 ft. and a height of 36 ft. between 
tuyeres and stockline is in operation and iron is produced 
with a consumption of 20-25 cwt. of charcoal per ton.—R.A.R. 

A/S Ardal Verk. (Iron and Coal Trades Review, 1949, 
vol. 158, May 20, pp. 1107-1111). An illustrated des- 
cription is given of the plant and operations of this Norwegian 
company which produces aluminium and pig iron.—s.c.R. 

The Electric Smelting of Iron Ores for Production of Alloy 
Irons and Steels and Recovery of Chromium and Vanadium. 
W. Bleloch. (Journal of the Chemical, Metallurgical and 
Mining Society of South Africa, 1949, vol. 49, Mar., pp. 363- 
408). The author examines the thermodynamics and design 
of the electric pig-iron furnace, particularly when operated 
by steam-turbine-generated electric power, and the possibili- 
ties of applying the process in South Africa. Fundamental 
data on the reduction of the oxides of iron are discussed in 
detail in order to explain the evolution of the pit-type furnace, 
and to show why it is particularly adaptable to the industrial 
reduction of iron ores containing metals such as chromium, 
titanium, and vanadium, which generally render such ores 
intractable in the iron blast-furnace. The layout and 
engineering features of a typical plant are described, for a 
designed output of 40,000 tons/annum of pig iron, together 
with an annual output of 26,000 tons of smelter slag containing 
35 to 40% titanium oxide, and 6400 tons of converter slags 
containing 960 tons of vanadium pentoxide and 1800 tons 
of chromium oxide, for by-product recovery. Recovery of 
the oxides of chromium and vanadium is briefly described. 
Principles of electric furnace burdening are discussed in 
detail with special reference to the smelting of titaniferous 
magnetites for production of smelter slags of 35—40° titanium 
oxide, and recovery of chromium and vanadium oxides from 
converter slags. The availability and metallurgical nature 
of suitable ores, fluxes and coals are described. The 
economics of steam and gas turbine power are discussed with 
particular reference to local conditions, and electrometal- 
lurgical loads of a high load factor. It is concluded that the 
advent of the gas turbine operated by producer gas or semi- 
water-gas is likely in the future to free such electrochemical 
and electrometallurgical industries from the need for location 
near adequate reserves of cooling water, which is nowhere 
abundant in the Union of South Africa. Capital costs of 
the plant and working costs are set out. Future trends are 
discussed with special reference to pre-reduction, and the 
smelting of titaniferous magnetites with oxygen-enriched 
blast. It is deduced from the data that neither pre-reduction 
nor the use of oxygen-enriched blast is likely to offer any 
major advantage over electric smelting in its own field. It is 
concluded that the electric smelting of iron ore by steam or 
gas-turbine-generated power is at present limited to those 
iron ores which are capable of yielding valuable by-products 
such as vanadium, chromium and their oxides or ferroalloys. 
Electric smelting of such ores by steam-generated power is 
technically and commercially sound, and should form the 
basis of a valuable electrometallurgical industry in the Union, 
built up on the abundance of cheap coal and ample reserves 
of cheaply mineable ores.—R. A. R. 

The Importance of Investigations of Physicochemical 
Equilibria for the Reduction of Ores. J. Kiarding. (Archiv 
fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.-Feb., pp. 1-4). 
The chemical processes occurring during reduction are 
explained by investigating the equilibria. The equilibrium 
diagrams for the iron-oxygen-carbon and carbon-oxygen 
systems form the basis of reduction with solid carbon. Two 
new reduction processes are developed on the basis of de- 
flections in reduction curves and the different reactivity of 
carbon. By heating the ore with a small quantity of lime, 
the amount being determined from the diagram, the pro- 
portion of freely reducible oxide in the ore is increased. 
The practical advantages of the author’s proposed process, in 
which the lime is combined with the ore in the sintering 
plant, are (a) reduced coke consumption; (b) increased 
production, and (c) increased indirect reduction in the blast- 
furnace. The importance of physicochemical equilibrium 
investigations in the roasting of iron carbonates, the magnet- 
izing roasting of iron ores, and the removal of arsenic from 
ores, is stressed.—R. A. R. 

Catalytic Agents for the Reduction Process in Blast- 
Furnaces. M. I. Korobova and N. I. Korobov. (Iron and 
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Steel Institute, 1949, Translation Series, No. 381). This is 
an English translation of a paper which appeared in Bulletin 
de VPAcadémie des Sciences, U.R.S.S., Classe des Sciences 
Techniques, 1946, No. 4, pp. 567-577 (see Journ. I. and S.L., 
1949, vol. 161, Apr., p. 373). 

Coke Ash and Coke Sulfur in the Blast Furnace. H. H. Lowry. 
(Industrial and Engineering Chemistry, 1949, vol. 41, Mar., 
pp. 502-510). The physical conditions and chemical reactions 
in a blast-furnace are discussed with special reference to the 
effects of ash and sulphur in the coke. It is calculated that 
with coke containing 10°, of ash and 88% of carbon the coke 
rate per ton of pig iron is about 1800 lb. and an increase of 
1°, of ash and a decrease of 1°% in carbon would increase 
the coke rate from 1800 to 1836-1845 Ib./ton of iron. The 
direct increase in costs of producing iron per pound of addi- 
tional sulphur in the coke is about 25% greater than that 
caused by a similar increase in ash content. Data for the 
percentages of sulphur and silicon in 270 consecutive casts 
of basic pig iron are plotted and they indicate that, if the 
silicon content is determined by temperature, other factors in 
blast-furnace practice may be changed so that low tempera- 
ture and low sulphur can be simultaneously obtained. The 
author believes that it is possible to modify blast-furnace 
practice to enable higher-sulphur coke to be used with only a 
slight increase in cost, and thus make use of resources of coal 
with good coking properties but higher than usual in sulphur. 
There are 70 references.—R. A. R. 

Sulphur Equilibria between Iron Blast Furnace Slags and 
Metals. G. G. Hatch and J. Chipman. (American Institute 
of Mining and Metallurgical Engineers, Technical Publication 
No. 2556: Journal of Metals, 1949, vol. 1, Apr., Section 3, 
pp. 274-284). In order to study the equilibrium distribution 
of sulphur between blast-furnace slags and liquid iron 
saturated with carbon, a small induction furnace was built 
which held a graphite crucible containing 200 g. of metal 
and 400 g. of slag. Carbon monoxide was used as the furnace 
atmosphere and equilibrium was attained by stirring the 
slag and metal with a graphite stirring rod. The experi- 
mental work is described and the data are presented in 
tabular and graphical form. Slag compositions consisted of 
30-50% lime, 29-40% silica, 1-19% magnesia, 6-27% 
alumina at 1500° C. and 1425° C. The following conclusions 
are reached: (1) The sulphur concentrations in pig iron at 
equilibrium with blast-furnace slags are considerably lower 
than those found in practice. (2) The desulphurization 
ratio (s)/[s] for slags containing approximately 1-5°% sulphur 
is controlled by excess base and is equal to (CaO + 4MgO)— 
(SiO, + Al,O,4) in molecules per 100 g. of slag. (3) The effect 
of lowering the temperature from 1500° C. to 1425° C. is to 
increase the equilibrium sulphur concentration in the metal. 
This increase amounted to 0-001% to 0:004% in metal 
containing 0-005°% to 0-020% sulphur. (4) Magnesia is 
only two-thirds the equivalent of lime as a desulphurizing 
agent on a molar basis, or approximately equal on a weight 
basis. (5) Alumina acts like silica in reducing the desulphur- 
izing power of a basic slag; in the more acid slags it is less 
harmful than silica. (6) The sulphur concentration in the 
metal is not directly proportional to the sulphur in the slags. 

J.0.R. 
15-Minute Pig Iron. L. Morrow. (Canadian Metals and 
Metallurgical Industries, 1949, vol. 12, Jan., pp. 14-16, 26). 
An illustrated description is given of a small electric steel- 
making plant with a capacity of 500 Ib./hr. It was developed 
by W. E. Dudley and made by the Titan Steel Corporation, 
St. Johns, Quebec. Ore is crushed, screened, pulverized, and 
briquetted. The briquettes are preheated as they travel to 
the electric-are reduction furnace. The electrodes are raised 
and lowered at short intervals (1 to 3 min.) and, while raised 
and ‘off,’ the briquettes are charged into the furnace. 
The action started by the electrodes continues when these are 
raised. Slag is run off by tilting. This furnace produces a 
high quality iron. To make steel the liquid iron is transferred 
to a finishing furnace. When the unit is in continuous 
operation molten iron is produced from raw ore in 15 min. 
and refining to steel takes a further 15 min. There are three 
operators. This unit is to demonstrate the process. Pro- 
duction units are intended to produce | ton/hr. and their 
purpose is to provide a semi-portable plant for installation 
at ore beds.—R. A. R. 
The Planning of Large Scale Oxygen Plants. E. Karwat. 


(Iron and Steel Institute, 1949, Translation Series No. 379). 
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This is a translation of an article which appeared in Stahl 
und Eisen, 1948, vol. 68, Dec. 2, pp. 453-465. (See Journ. I. 
and 8.I., 1949, vol. 161, Apr., p. 373). 

Contribution to the Study of the Use of Oxygen-Enriched 
Air in Iron Production. ©. Ricci. (Metallurgia Italiana, 
1948, vol. 40, May-June, pp. 93-104: [Abstract] Metals 
Review, 1948, vol. 21, Dec., p. 6). The diagrams of D. Castro, 
plotted on the basis of W. Mathesius research, are analysed. 
The analysis shows that the use of enriched air (26% oxygen 
by weight) decreases considerably the consumption of coke, 
at the same time increasing the rate of production and the 
quality of the product. 


PRODUCTION OF STEEL 


A Decade of Expansion at Bethlehem’s Sparrows Point 
Plant, T. J. Ess. (Iron and Steel Engineer, 1949, vol. 26, 
Apr., pp. B-1-B-23). A detailed and illustrated description 
is given of the Sparrows Point plant of the Bethlehem Steel 
Company, with special reference to new plant and equip- 
ment installed during the past eleven years. An earlier 
description of this plant appeared in Iron and Steel Engineer, 
1938, vol. 15, Apr., pp. B-1-B-36. (See Journ. I. and 8.I., 
1938, No. II, p. 72a). 

Recent Steelplant Developments at the Appleby-Frodingham 
Steel Company. A. Jackson. (Journal of The Iron and Steel 
Institute, 1949, vol. 162, June, pp. 136-162). The paper 
commences with a brief mention of the development of tilting 
furnaces in the Appleby-Frodingham Steel Company’s plant 
during the last 45 years, and proceeds to describe those 
incorporated in the new melting shop, completed about a 
year ago. It gives details of how increasing the width of the 
stockyard bay has affected its ability to serve the furnaces, 
followed by an outline of the mixer practice best suited to 
give maximum steel-furnace production with iron produced 
from Lincolnshire and Northamptonshire ores. 

The dimensions of the most recently built furnaces are 
shown, with details of brickwork construction, regenerator 
plating, and gas-flue design from mixing to reversing valve. 
Some details of experiments on the stability of front linings, 
and a note of brickwork repair data are given. 

The present operating methods used on these mixed blast- 
furnace and coke-oven gas fired furnaces are, given briefly, 
with notes on operational control and an average charge. 
The plant is fully instrumented with certain automatic 
controls, and the methods of operation are described. Brief 
indications are given of methods used in operator training, 
and of welfare facilities. The pit side is described, as well 
as the method of drying and setting stoppers, etc. The 
paper concludes with a note on recent operational develop- 
ments, including auxiliary heating of gas checkers, heating 
up after repairs, a discussion on the effect of cutting off the 
gas supplied to the furnaces during reversal, and a summary 
of the effect of certain variables on production rates. 

Iron and Steel Works in Germany. (British Intelligence 
Objectives Sub-Committee, 1949, Report No. 1850: H.M. 
Stationery Office). This report covers information gained 
during visits to 25 German iron and steel works. It covers 
a wide range of processes including the Renn process, the 
manufacture of machine tools, Widia hard metal, high-speed 
steel, electric steel sheets, and roller and needle bearings. 

R.A. R. 

Report on the Bessemer Process. (Iron and Steel Institute, 
1949, Special Report No. 42). In September, 1946, the Steel 
Practice Committee of the British Iron and Steel Research 
Association set up an ad hoc Bessemer Sub-Committee for 
the specific purpose of investigating and reporting on the 
present state of development of the Bessemer process. Its 
report is now presented. It is in three parts with eight 
appendices. Part 1 on British Bessemer practice is in four 
sections dealing respectively with the basic, acid, surface- 
blown-converter, and multiplexing processes. Part 2 on 
foreign Bessemer practice is in three sections covering 
Swedish, German, and American practice respectively. 
Part 3 on future Bessemer practice has two sections. In the 
first suggestions for future developments in Bessemer practice 
are made, whilst the second is a report on the oxygen- 
enrichment of air in the surface-blown converter at the works 
of Catton and Co., Ltd., Leeds. The first three appendices 
describe basic and acid Bessemer plants and practices at 
three different works. The fourth and fifth describe acid 
side-blown-converter practice and Tropenas melting and 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


converter practice respectively. The sixth is a report on the 
cupola/Sesci/converter steelmaking process at Stanton Gate 
Foundry. The seventh consists of a list of Bessemer plants 
in all industrial countries excluding the U.S.8.R. and eastern 
Europe. The last appendix contains 48 abstracts of recent 
literature on the Bessemer process.—kR. A. R. 

Production of Bessemer Steel. H. W. Graham. (Steel, 
1949, vol. 124, Apr. 11, pp. 90-98; Apr. 18, pp. 114-120; 
Apr. 25, pp. 102-114). In the first part of this article, the 
history of the process, the design and construction of converter, 
and requirements in the way of mixer cars, ladles, and ingot 
moulds are given ; in the second, the author considers plant 
layout and the possibilities of increasing the size of converters, 
and describes the chemistry of the process. In the last part 
he describes duplexing operations, the use of the converter 
for preparing steel for castings and the control of the blow 
by photo-electric cells. He concludes with the view that the 
process may soon recover a position of great importance, 

J.P.S, 

New Operational Experience in the Production of Low- 
Nitrogen Steel in the Converter. W. Bading. (Stahl und 
Risen, 1949, vol. 69, Mar. 31, pp. 221-223). An account is 
given of the development of modifications of the Bessemer 
converter with the object of reducing the path of the air 
through the metal so as to produce steel low in nitrogen. 
Two types were developed : one with the tuyeres in the side, 
blowing directly into the metal, not on top of it; and the 
other with the tuyeres in the bottom and all on one side of 
the tilting axis. In the second case the converter was 
tilted for blowing so that there was only a small depth of 
metal over the tuyeres. The average life of the lining was 
25 blows for the first type, 34:1 for the second, and 37-5 
for an ordinary Bessemer converter. The average nitrogen 
contents of the steel from the second type of converter were : 
(a) with 90 25-mm. tuyeres, 0-0137% (these were blown too 
hard) ; (6) with 84 25-mm, tuyeres, 0-0093°% ; and (ce) witl 
60 25-mm. tuyeres, 0-0095%. 

The process is both practical and economic, and is capable 
of producing steel with properties similar to those of open- 
hearth furnace steel.—nr. A. R. 

Blowing Tests with Oxygen-Enriched Air on a Basic- 
Bessemer Converter. G. Husson. (Institut de Recherches 
de la Sidérurgie, Publication Séries A, 1949, Mar., No. 5). 
The experiments described were made in a 19-ton converter. 
After preliminary trials on blows with 24%, 29%, and 39% of 
added oxygen, two main series of tests were carried out with 
30% and 40% of oxygen added to the air blast. With the 
apparatus available for these tests only two consecutive 
charges could be blown, but further tests with more satis 
factory oxygen supply will be made. It appears, however, 
that the practical limit of what can be done without modi- 
fication of the usual technique is being approached. With 
30% of added oxygen, rather more than 175 kg. of scrap can 
be added per ton of pig iron, which means, in effect, that in 
every ton of charge 150 kg. of iron can be replaced by scrap, 
a figure agreeing closely with the theoretical value ; the 
resulting economies are discussed. Oxygen enrichment also 
reduced the blowing times considerably. The ingots pro- 
duced behaved normally in the rolling mill.—a. £. c. 

Twenty Years of the Scrap-Carbon Process with Its Develop- 
ment from Ordinary to High-Quality Steel. R. Hennecke 
(Stahl und Eisen, 1949, vol. 69, Mar. 17, pp. 181-186) 
An account is given of the development of the scrap-carbon 
process of steelmaking at the Stahlwerk Weber in Branden- 
burg where the process was introduced in 1924. Improve- 
ments and methods of control were introduced by which 
high-quality and alloy steels could be made without using 
iron in the charge. A comparison is made of the costs of 
producing alloy steel in a 150-ton open-hearth furnace and a 
50-ton electric furnace.—R. A. R. 

The Ratio of Cast Iron and Scrap in the Charge of an 
Open-Hearth Furnace. V. Gargiulo. (Metallurgia Italiana. 
1948, vol. 40, May—June, pp. 105-107). 

The Effect of Sodium Oxide Additions to Steelmaking Slags. 
Part I—Use of Soda to Dephosphorize Pig Iron at 1400° C. 
W. R. Maddocks and E. T. Turkdogan. (Journal of The 
Iron and Steel Institute, 1949, vol. 162, July, pp. 249-264). 
Soda has been added to basic and acid slags with the object 
of bringing about dephosphorization at low temperatures. 
In basic slags it has been found impossible to retain soda as a 

silicate which is necessary for the formation of sodium 


OCTOBER, 1949 





BROT. 


r 


t on the 
»n Gate 
r plants 
eastern 
f recent 


(Steel, 
14-120; 
cle, the 
nverter, 
1d ingot 
"Ss plant 
verters, 
ist part 
nverter 
1e blow 
hat the 
rtance, 

d.P.8. 
- Low- 
hi und 
ount is 
‘ssemer 
the air 
trogen, 
1e side, 
nd the 
side of 
or was 
pth of 
ng Was 
d 37-5 
trogen 

were : 
wn too 
*) with 


apable 
open- 


Basic- 
erches 
lo. 5). 
verter. 
9% of 
t with 
th the 
cutive 
satis- 
vever, 
modi- 
With 
p can 
hat in 
scrap, 
; the 
t also 


pro- 


yelop- 
lecke. 
186). 
arbon 
nden- 
rove- 
vhich 
using 
ts of 
und a 


yf an 
iana, 


lags. 
0° C. 
The 
264). 
pject 
ures. 
asa 
lium 


949 





ABSTRACTS 223 


phosphate. With slags containing up to 50% silica and a low 
Ca0/SiO, ratio, dephosphorization has been effected after 
melting on acid hearths. Under favourable conditions as 
much as 85% dephosphorization of a 1-34% phosphorus 
iron has been brought about. 

Quality Control] in the Open Hearth. Part I—Problems 
from Sulphur in the Open Hearth. Part I1—Control of Sulphur 
in Open Hearth Steel Making Process. Part I1I—Desulphur- 
ization of Pig Iron. Part IV—Use of Bath Immersion 
Pyrometers. F. G. Norris. (Industrial Heating, 1948, 
vol. 15, Dec., pp. 2126-2130; 1949, vol. 16, Jan., pp. 86-88 ; 
Mar., pp. 460-462; Apr., pp. 646-650). Papers and dis- 
cussion at the 1948 Open-Hearth Conference of the American 
Institute of Mining and Metallurgical Engineers are quoted 
and commented on.—R. A. R. 

Critical Analysis of the Work of Marshall and Chipman on 
the Problem of the Activity of Carbon and Oxygen in Liquid 
Steels. B. V. Stark. (Bulletin de Académie des Sciences, 
U.B.S.S., Classe des Sciences Techniques, 1948, May, pp. 655- 

72 [in Russian]: [Abstract] Metals Review, 1949, vol. 22, 
Jan., p. 24). The author concludes that the experimental 
data of Marshall and Chipman obtained at 1540° C. concerning 
the carbon content in liquid steel above 1% are not sufficiently 
reliable. Therefore their assumption concerning the change 
of activity of carbon and oxygen at an increased corcen- 
tration of one of them cannot be considered valid. 

Oxidation and Reduction ——— of Chromium in the 
Basic and Acid Process. I. Yavioskii and 8. K. Dzemyan. 
(Stal, 1947, vol. 7, pp. 302-309 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Feb. 25, col. 1295). The oxidation 
of chromium in the melt and its reduction in the slag were 
studied. Under acid conditions, the coefficient of chromium 
distribution between the melt and slag (2Cr)/[Cr] increased 
somewhat as the temperature decreased below 1600°. As 
(ZFeO) increased, this coefficient increased considerably. 
As the concentration of chromium in the slag increased, the 
solubility of SiO, decreased. In acid slags the greater part 
of chromium is in the form of CrO and only a fraction of it 
in the form of Cr,Q3. 
chromium was affected primarily by the amount of FeO in 
the slag. Notwithstanding that the Cr,O, in the slag was 
in some cases 20%, the viscosity of the slags was not unduly 
high. While the basicity of the slag did not affect the 
(ZCr)/[Cr], (XP)/[P] increased with the basicity. 

Carburetting in Open-Hearth Furnaces by Means of Gas. 
K. Guthmann. (Stahl und Eisen, 1949, vol. 69, Mar. 31, 
pp. 223-227). Extensive tests were made to assess the 
advantages of carburetting coke-oven gas for open-hearth 
furnaces with fuel gas, acetylene and producer gas. Data 
are presented on the quantities of the carburetting gas 
required, the effect on the flame luminosity, the refining time, 
and the output. Installing small gas producers close to 


the furnace ports provides a simple and economic method of 


carburetting which enables heats to be tapped about 15—25° C. 
hotter than those not carburetted. The total consumption 
of heat is not reduced, but the reduction in melting time 
enables output to be increased. [This paper has been trans- 
lated, see Iron and Steel Institute, Translation Series, No. 380]. 

R.A.R. 

Slag Control in the Basic Open-Hearth Furnace Process. 
A. Ludkiewicz, E. Buéko, and 8. Pniak. (Prace Badaweze 
Gléwnego Instytutu Metalurgii i Odlewnictwa, 1949, No. 1, 
pp. 13-25). [In Polish]. The authors discuss the purposes 
and methods of slag control and examine results obtained 
with 20 heats in 30-ton basic open-hearth furnaces. These 
indicated that control by slag pancakes was not difficult. 
Steel could be produced from a 50/50 pig-iron/scrap charge 
(containing P < 0-4% and S < 0-05%) to tap with 
P 0-049% and S < 0-04°%, with a slag basic ity of 2-5-3 
during working and { finishing.—-R .A.R. 

Open Hearth Slag Control. G. Teskey. (Western Mach- 
inery and Steel World, 1948, vol. 39, Oct., pp. 98-101: 
[Abstract] Metals Review, 1948, vol. 21, Dec., p. 4). The use 
of the “ pancake ” method at Bethlehem Pacific’s South San 
Francisco plant is described. 

The Turbo-Hearth—A New Steel-Making Technique. 
E. C. Bain and H. W. Graham. (Iron Age, 1949, vol. 163, 
Apr. 7, pp. 62-65). Experiments in the production of low- 
nitrogen low-phosphorus steel from Ameriean basic pig-iron 
have led to the adoption of the ‘‘ turbo-hearth ”—a basic 
converter of the Tropenas type and apparently of square 
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In basic furnaces the distribution of 


cross-section. A typical analysis shows the reduction of 
phosphorus in the charge from 0-292% to 0-017% while the 
nitrogen remains unchanged at 0- 003% The problem of 
the removal of slag so that additions may ve made without 
reversion of phosphorus has not yet been completely solved. 
J.P.8. 
Appraisal of Oxygen in Electric Furnace Practice. 
J. M. Crockett. (Steel, 1949, vol. 124, June 6, pp. 126-132). 
The practice of using oxygen in place of iron ore for de- 
carburization in the electric furnace is discussed. The 
author states that there is an upper limit to the rate of 
injection, at about 100 cu. ft./ton/min., beyond which 
efficiency drops and the rate of carbon removal becomes 
beyond control. The rate of injection will depend on the 
nature of the charge and its materials. Within those limits, 
however, the use of oxygen is extremely valuable in avoiding 
casting porosity and giving increased fluidity. Both those 
features are corrected with the more vigorous boil 
obtained with oxygen.—J.P.s. 


FOUNDRY PRACTICE 


Ironfounding and the Metallurgy of Cast Iron. J. KE. Hurst. 
(Metallurgia, 1949, vol. 39, Jan., pp. 129-132). The author 
reviews progesss in the cast-iron section of the metallurgical 
industries, describing first the manufacture of nodular cast 
irons and gaseous annealing to produce malleable cast iron, 
and then directing attention to plant and equipment, foundry 
education and training, research, and finance.—R. A. R. 

Statistical Quality Control : A New Tool for the Foundryman. 
H. H. Johnson and G. A. Fisher. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 194—207). 
See Journ. I. and §.I., 1949, vol. 161, Jan., p. 62. 

Modernization of the “Small’’ Foundry. L. B. Knight, 
(Transactions of the American Foundrymen’s Society, 1948. 
vol. 56, pp. 297-314). See Journ. I. and 8.1., 1949, vol. 161, 
Jan., p. 63. 

An Approach to Quality Control in Castings Production. 
V. A. Simpson and G. K. Eggleston. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 607-608). 
See Journ. I. and S.I., 1949, vol. 161, Jan., p. 62. 

Oxygen-Enriched Cupola Blast. W. ©. Wick. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 246-259). See Journ. I. and S.I., 1948, vol. 160, Sept., 
p. 105. 

Enriching Cupola Blast with Oxygen Additions. (American 
Foundryman, 1948, vol. 14, Dec., pp. 57-59). Experiments 
with the use of oxygen-enriched blast in cupola practice are 
described. The continuous use of enriched blast is not 
recommended at the present stage of development, but it 
can be utilized as an auxiliary tool when the cupola is opera- 
ting irregularly and the metal tapped is below normal 
temperature or the tendency towards freeze-up is apparent. 
The introduction of oxygen into the blast assists in rapidly 
restoring the cupola to normal operation.—J. C. R. 

Control of Cupola Stack Emissions. J. F. Drake, T. G. 
Kennard, and W. A. Saylor. (Iron Age, 1949, vol. 163, 
Apr. 7, pp. 88-92). Recent California regulations severely 
limit the permissible dust and smoke discharge from cupolas. 
To meet them equipment involving a closed charging 
bell of blast-furnace type, a dry dust collector of undescribed 
design, and a wet gas washer was installed. The dry dust 
collected amounted to 1-9—2-5 grains/cu. ft. of air blown in 
at the tuyeres or 11-3-14-9 lb./ton of iron charged; it 
contained appreciable amounts of lead, zinc, and sulphur ; 
the material from the wet washer also contained noticeable 
amounts of these, as well as silica, alumina, and lime. It is 
concluded that, not only will such an installation meet 
public health requirements but it may also lead to better 
cupola operation.—J. P. 8. 

Centrifugal Casting Welding Rods. M. W. Williams. 
(Steel, 1949, vol. 124, June 20, pp. 98-99). The Hughes 
Tool Co., Houston, Texas, is now making welding rods of 
high-alloy materials for hard facing, by centrifugally casting 
them 28 at a time, in cast-iron moulds, in which the channels 
are arranged tangentially to the annular central sprue. 
The material is melted in induction furnaces. It is claimed 
that the rods are smooth in finish and free from fins and 
inclusions.—J. P. Ss. 
ian Research Advances Nodular Graphite Theory. 

(American Foundryman, 1949, vol. 15, Jan., 


Belgian 
A. De Sy. 
The author advances the hypothesis that the 


pp. 55-62). 
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crystal system of the nuclei or solid particles suspended in 
molten grey iron determines whether nodular graphite or 
flake graphite will be precipitated. 

Producing Nodular Graphite with Magnesium. ©. K. 
Donoho. (American Foundryman, 1949, vol. 15, Feb., 
pp. 30-37). Experiments have been carried out to produce 
cast irons with nodular graphite structures by the addition 
of magnesium. Pure magnesium metal can be added in 
the ladle, but as it burns explosively there is a probable loss 


of 95% magnesium. A search has been undertaken of 


various magnesium alloys to develop one which would give 
higher and more consistent recovery of magnesium and less 
violent reaction during addition. Data are presented in 
tabular form showing the percentages of magnesium added, 
recovered, and in the iron, and the tensile strength and Brinell 
hardness of the irons. The following conclusions were 
reached: (1) High-strength cast irons with the graphite in 
nodular form are produced by incorporating 0-03-0-10% 
magnesium in the iron; (2) pure magnesium and several 
magnesium alloys are effective in producing nodular-graphite 
iron, but a few alloys do not have this effect ; (3) magnesium 
recovery and convenience of addition were found to be better 
with copper or nickel alloys of low magnesium content ; 
(4) the advantage of magnesium over cerium treatment is 
that magnesium is effective in low carbon, high phosphorus, 
and relatively high sulphur irons; (5) a ladle addition of a 
graphitizing inoculant (such as ferrosilicon) after the mag- 
nesium addition enables structure and machinability to be 
controlled ; a granular-graphite inoculant caused reversion 
to flake graphite; (6) there is an optimum magnesium 
content for a given base iron, too little resulting in a mixed 
structure and too much causing increased hardness and 
brittleness ; (7) excessive holding time after magnesium treat- 
ment may result in loss of magnesium and reversion to 
flake graphite ; (8) section size, 0-6-3-0 in., is not particu- 
larly critical; and (9) tests on keel-block test bars gave 
strength-ductility properties superior to most malleable 
irons and approaching those of cast steels.—J. Cc. R. 

Production of Nodular Graphite Structures in Gray Cast 
Irons. H. Morrogh. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 72-90). See Journ. I. and 
S.I., 1948, vol. 160, Sept., p. 105. 

Blackheart Malleable Cast Iron—lIts Production and 
Properties. (Metallurgia, 1949, vol. 39, Mar., pp. 247-252). 
The theory and practice of producing blackheart malleable 
cast iron at the foundry of Hale and Hale (Tipton), Ltd., 
are described. A white iron is first produced by controlling 
the carbon and silicon contents so as to prevent graphit- 
ization. The castings are then annealed at 870-920° C. 
As the temperature rises above Ac,, the austenite takes an 
increasing amount of cementite into solution; during the 
soaking stage the austenite deposits nuclei of temper carbon 
and more cementite is dissolved. At the end of the first- 
stage graphitization the structure consists of temper carbon 
in a matrix of austenite saturated with carbon. During the 
slow cooling (not faster than 7° C./hr.) carbon is precipitated 
out of the austenite until the critical temperature is reached. 
From 20° C. below the critical range cooling can be acceler- 
ated. The final structure should consist of a dispersion of 
rosettes of temper carbon in a ferrite matrix.—R. A. R. 

Applications of Correlation in the Malleable Iron Foundry. 
R. G. Seidel. (Transactions of the American Foundrymen’s 
Society, 1948, vol. 56, pp. 563-573). See Journ. I. and §.I., 
1949, vol. 161, Jan., p. 63. 

Construction and Operation of an Oil-Fired Malleable Iron 
Holding Furnace. F. Coghlin, jun. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 518-527). 
See Journ. I. and 8.1., 1949, vol. 161, Jan., p. 60. 

Effect of Manganese-Sulphur Ratio on the Rate of Anneal 
of Black-Heart Malleable Iron. J. E. Rehder. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 138-151). See Journ. I. and §.I., 1949, vol. 161, Jan., 
p. 59. 

The Influence of Heating Rate in Malleable Iron Annealing. 
S. W. Palmer. (Institute of British Foundrymen, June 
14-17, 1949, Paper No. 931). An account is given of experi- 
ments with white- and blackheart malleable cast iron to 
determine the influence of the rate of heating up to the 
annealing temperature on the process of graphitization and 
the final microstructure obtained. With white-iron castings 
the period of heating considerably affected graphitization 
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and caused a marked variation of the microstructure of the 
annealed product. A rate of heating of 10° C./hr. (45 hr, 
from 500° to 930° or 1000° C.) gave numerous small noduleg 
which were relatively compact, while rates of heating of 
40° to 70° C./hr. gave fewer and much larger nodules which 
tended to be aggregates of dispersed graphite. Results have 
confirmed that irons containing large numbers of temper- 
carbon nodules anneal more readily than those which, by 
reason of their having received a rapid heating rate to their 
annealing temperature, have contained a limited number of 
large nodules.—J. Cc. R. 

Changes in Chemistry of Liquid Steel in Contact with Sand. 
(Transactions of the American Foundrymen’s Society, 1948, 
pe 56, pp. 260-262). See Journ. I. and 8.1., 1949, vol. 161, 

Jan., p. 60. 

Quality Control Review. Summarize Test Procedures for 
Steel Foundrymen. J. W. Juppenpatz. (American Foundry- 
man, 1949, vol. 15, Jan., pp. 38-48). An illustrated des- 
cription is given of test procedures for quality control in the 
steel foundry.—s. c. R. 

Rolling Mill Components. Steel Castings in the Design of 
Large Units Subjected to Heavy Duty Conditions. (Iron and 
Steel, 1949, vol. 22, May, pp. 151-153, 176). Illustrated 
descriptions are given of the production at the Darnall 
Works of Davy and United Engineering Co., Ltd., and the 
uses of large steel castings for rolling-mill or weg which 
are subjected to high stresses and loads.—J. 

The Effect of Grain Shape on the Behaviour ‘of Synthetic 
Core and Moulding Sands. W.J. Rees. (Institute of British 
Foundrymen, June 14-17, 1949, Paper No. 940). The 
influence of grain shape on the behaviour of synthetic 
moulding and core sand mixtures bonded with clays, core 
oils, and core compounds has been investigated using a 
recently developed method for the assessment of grain shape. 
Typical examples of the effect of grain shape on the properties 
of the bonded-sand mixtures are given, and it is shown that, 
for sands having comparable mechanical gradings, the 
strength of mixtures prepared with angular sands is lower 
than that of mixtures based on rounded sands, and that the 
surface friability of the dried mould or core increases with 
the angularity of the sand. 

Thermal Conductivity of a Sand Mixture—AFA Heat 
Transfer Committee Report. C. F. Lucks, O. L. Linebrink, 
and K. L. Johnson. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 363-365). See Journ. I. and 
8.L., 1949, vol. 161, Jan., p. 60. 

Thermal Conductivity of Dry Sands. J. C. Bell. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 365-366). This paper is an appendix to one by Lucks, 
Linebrink, and Johnson (see preceding abstract). It is shown 
that H. W. Russell’s formula for the thermal conductivity of 
dry sands agrees fairly well with experimental results.—R. A. R. 

Reclaim Ferrous Foundry Sand. E. C. Jeter. (American 
Foundryman, 1949, vol. 15, Feb., pp. 40-44). Ferrous 
foundry sand, which was reclaimed by roasting and removing 
loose fines, had a tensile strength only 70-80% of new sand 
strength. This was due to a close-fitting clay coating being 
present on the sand grains, and reducing the effectiveness of 
the binder. The sand can be treated instead, either by the 
wet method of scrubbing and classification, or by the roasting 
and dry-scrubbing method. The two methods are described 
and compared.—4J. ©. R. 

Rapid Sand Permeability Calculation. D. 8S. Eppelsheimer 
and J. E. Reynolds. (American Foundryman, 1949, vol. 15, 
Mar., pp. 56-57). Formule for calculating the permeability 
of foundry sands are given and a nomograph is presented 
which has been prepared for making rapid and accurate 
permeability determinations which are well within the range 
of accuracy of most apparatus.—J. Cc. P. 

A Survey of Sieve Series and Grade Scales. R. E. Morey. 
(Transactions of the American Foundrymen’s Society, 1948, 
vol. 56, pp. 286-296). The author surveys existing sieve 
series and scales for designating the particle size of powdered 
materials, and discusses their good and bad points. The 
author proposes a grading system which combines the best 
features of existing systems.—R. A. R. 

Refractories Used in Steel and Iron Foundries. W.H. Owen. 
(Transactions of the American Foundrymen’s Society, 1948, 
vol. 56, pp. 342-344). Applications of refractories in foun- 
dries are reviewed and the advantages of using refractory 
cores instead of sand cores are pointed out.—R. A. R. 
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Eighth Annual Report on the Investigation of Properties 
of Steel Sands at Elevated Temperatures. J. P. Fraser and 
P. E. Kyle. (Transactions of the American Foundrymen’s 
Society, 1948, vol. 56, pp. 345-354). This is a report on the 
past year’s work on the Sand Research Project sponsored by 
the Sand Division of the American Foundrymen’s Society. 
The relation between the hot compressive strength, the 
testing temperature and the time at temperature of a number 
of sand mixtures for steel castings are dealt with in Parts I 
and II, whilst Part IIL gives a summary and the conclusions. 
A mixture 4°% western bentonite, 10%, fireclay and 4°, illite 
has superior strength at elevated temperatures when 5% 
moisture is used.-—R. A. R. 

Surface Gas Pressure of Molding Sands and Cores. 
H. W. Dietert, H. H. Fairfield, and F. 8S. Brewster. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 

p. 528-535). The gas pressure within a core of a cylinder 
of moulding sand 1f in. in dia. by 3 in. long was determined 
by ramming a brass tube (inside dia. { in.) within the core. 
The tube extended to 3 in. from the end of the specimen and 
the pressure of gas at this position was measured when the 
core (or sand) was immersed in molten lead at 1200° F. The 
gas pressure increased as the moisture, sea coal, oil, or cereal 
content of the specimen was increased. The simple apparatus 
is described in detail.—nr. A. R. 

A Practical Method for Determining Heat Abstraction by 
Molding Materials. T. T. Rick. (Iron Age, 1949, vol. 163, 
Apr. 21, pp. 74-77: Foundry, 1949, vol. 77, June, pp. 96-97, 
182-188). The moulding material is made into the form of 
a thick-bottomed cup: one thermocouple indicates tempera- 
ture at the inside bottom of this cup while another gives the 
temperature at a point in the material 1} in. below this. 
The cooling rate of the metal gives an indication of the heat- 
absorbing power of the material, while the heating rate at the 
other thermocouple is related to its thermal conductivity. 
Results on a group of materials of varying apparent density 
suggest that the rate of heat abstraction is proportional only 
to this, and that comparison of the weights of 1 cu. ft. of 
the moulding sands to be compared, all rammed by the same 
method, will establish the relationship of their heat-abstracting 
powers.—J. P. 8. 

Special Equipment for Drying Foundry Sand. J. Kesper. 
(Archiv fiir Metallkunde, 1949, vol. 3, Feb., pp. 79-82). 
The design and operation of the Mozer, Haas, Esch, and 
Eirisch sand-drying plants are described.—R. A. R. 

Olivine Synthetic Moulding Sand Controls Silicosis. G. Allen. 
(Canadian Metals and Metallurgical Industries, 1949, vol. 12, 
Jan., pp. 19, 36). Results of tests in Norway indicate that 
the use of olivine synthetic moulding sand in place of quartz 
sand very considerably reduces or eliminates the risk of 
silicosis in foundries. The possibilities of using olivine in 
Canada are examined.—R. A. R. 

Adequate Dust Control Keeps Foundry Clean. A. D. Brandt. 
(All-Canadian Foundry Conference, Montreal, Sept. 30- 
Oct. 1, 1948: American Foundryman, 1948, vol. 14, Dec., 
pp. 35-42). An account is given of dust control systems for 
the following branches of foundry work: (1) Preparation of 
moulds and cores; (2) melting and pouring of the metal ; 
(3) breaking out castings from the moulds and removing core 
sand; (4) cleaning the castings ; and (5) reconditioning the 
moulding sand. Illustrated descriptions are given of hoods 
and other installations which are used.—J. c. R. 

A Theoretical Approach to the Problem of Dimensioning 
Risers. J. B. Caine. (Transactions of the American 
Foundrymen’s Society, 1948, vol. 56, pp. 492-501). See 
Journ. I. and 8.1., 1949, vol. 161, Jan., p. 61. 

A Study of Factors Affecting Pouring Rates of Castings. 
J.G. Mezoff and H. E. Elliott. (Transactions of the American 
Foundrymen’s Society, 1948, vol. 56, pp. 279-285). See 
Journ. I. and §.1., 1948, vol. 160, Sept., p. 106. 

Gating Systems for Metal Casting. W. H. Johnson and 
W. O. Baker. (Transactions of the American Foundrymen’s 
Society, 1948, vol. 56, pp. 389-397). See Journ. I. and 8.1., 
1949, vol. 161, Feb., p. 152. 

Observations on Knock-Off Risers as Applied to Steel 
Castings. S. W. Brinson and J. A. Duma. (Transactions 
of the American Foundrymen’s. Society, 1948, vol. 56, 
pp. 586-601). See Journ. I. and §.1., 1948, vol. 160, Nov., 
p. 324. 

Promoting Riser Fluidity. E. D. Boyle. (American 


Foundryman, 1949, vol. 15, Feb., pp. 45-50). An account is 
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given of the use of diatomaceous earth as a basic insulating 
material in casting feeding experiments. When bonded with 
bentonite and a small amount of phenolic resin, it could be 
formed into insulating sleeves and pads, and feeder efficiency 
was greatly increased. The pads were used at thin sections 
of the casting to retard solidification and allow the metal 
to feed through to heavier sections. The material can be 
used successfully for neck-down risers for stainless steel 
castings and insert cores for cast iron.—J. C. R. 

Risering Castings. J.B. Caine. (American Foundryman, 
1949, vol. 15, Mar., pp. 46-55). The author approaches the 
problem of gating and risering from a scientific point of view. 
Risering is divided into two phases, that of positioning the 
risers and that of dimensioning the risers so that they will 
feed efficiently. A basic risering system is advanced for 
positioning risers. Quantitative information derived from 
this system for any metal can be applied to any casting, 
no matter how complex. An equation is advanced for 
dimensioning risers : 

a : 
a wr eK c 
where « = freezing ratio or relative freezing time to complete 
solidification ; y = volume ; constants a and } are in relation 
to the mode of solidification and the contraction from the 
pouring temperature through the solidification range; and 
constant c is a measure of the difference in relative freezing 
rate of the riser in relation to the casting due to independent 
variables. This equation in its simplest form becomes 
0-12 ‘ 
ae ee * 
for steel. 

Wood Flour Additions Aid in Foundry Sand Control. 
C. A. Sanders. (American Foundryman, 1948, vol. 14, 
Dec., pp. 50-54). An account is given of the use of wood 
flour in foundry sands with reference to its effect on green 
and dry compression strengths.—J. Cc. R. 

Core Box Designing and Rigging for Core Blowing. 
H. J. Jacobson. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 602-606). See Journ. I. and 
8.1., 1949, vol. 161, Jan., p. 61. 

Designing Strainer Cores. H.L. Campbell. (Transactions 
of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 574-579). See Journ. I. and 8.I1., 1948, vol. 160, Sept., 
p. 106. 

Hollow Steel Ingots. K. Simoneit and W. Radeker. 
(Iron and Coal Trades Review, 1949, vol. 158, Apr. 15, 
pp. 810-811). This is an abridged translation of a paper 
on the production of hollow steel ingots up to 100 tons in 
weight to be used as raw material for pressure vessels. 
Centrifugal casting machines and processes are described. 
The original paper appeared in Stahl und Eisen, 1948, vol. 68, 
Nov. 4, pp. 419-426. (See Journ. I. and §.1., 1949, vol. 161, 
Feb., p. 153).—n. A. R. 

Causes of Rat Tail Casting Defect. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 116—137). 
See Journ. I. and 8.1., 1949, vol. 161, Jan., p. 62. 

Methods of Preventing Shrinkage Holes in Castings. 
M. Stap. (Metalen, 1949, vol. 3, Mar., pp. 149-152). 
[In Dutch]. 

Studies on Solidification of White Iron Castings.—AFA 
Heat Transfer Committee Report. V. Paschkis. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 371-373). See Journ. I. and S.I., 1948, vol. 161, Jan., 
p. 62. 

Study on Solidification of Steel Spheres.—_AFA Heat Transfer 
Committee Report. V. Paschkis. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 373-377). 
See Journ. I. and S8.1., 1949, vol. 161, Jan., p. 62. 

Solidification Characteristics of Grey Cast Iron. J. Fifield 
and J. H. Schaum. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 382-388). See Journ I. 
and S.I., 1949, vol. 161, Jan., p. 62. 

Controlled Cooling of Ferrous Castings. KE. I. Pedroso. 
(American Foundryman, 1948, vol. 14, Dec., pp. 60-62). 
An outline is given of a method of producing large castings 
of widely varying section thickness, such as large cast-iron 
vessels for heating hydrochloric acid. To eliminate or 
minimize cooling stresses a method is described for the 
determination of the surface temperature at different points 
on a casting during the first five hours of cooling, the object 
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being to maintain, by selective cooling, a uniform temperature 
in various parts of a casting.—J. c. R. 

Fundamental Characteristics of Casting Fluidity. V.Kondic 
and H. J. Kozlowski. (Journal of the Institute of Metals, 
1949, vol. 75, Apr., pp. 665-678). Ap apparatus incorporating 
certain novel features of design was used to study the effects 
of the degree of superheat, mould temperature, composition 
of certain binary alloys, and modification of aluminium- 
silicon alloys on the casting fluidity. A straight-line relation- 
ship between fluidity and absolute temperature was found for 
a number of pure metals. Certain general and previously 
established relationships betweey the casting fluidity and the 
composition of binary alloys were confirmed for the lead—tin 
and aluminium-silicon systems. Modified aluminium-silicon 
alloys were found to possess lower fluidity than non-modified 
alloys. On the basis of the results obtained by these and 
additional tests, it is suggested that the variation of casting 
fluidity with temperature, in the case of pure metals, and 
with composition in the case of binary alloys, can be explained 
in terms of certain properties of liquids, in particular the heat 
content and viscosity. 

Mechanized Foundry Maintenance. ©. T. Luther. (Ameri- 
can Foundrymen’s Society, 1949, Reprint No. 49-16: 
American Foundryman, 1949, vol. 15, Mar., pp. 61-65). 
A maintenance programme is described which is designed to 
service and keep in repair the equipment in the different 
departments of a mechanized foundry.—4J. c. R. 

Quality Control Methods Brought Down to Earth. I. W. 
Burr. (American Foundryman, 1948, vol. 14, Dec., pp. 43- 
47). The author discusses the value of statistical data and 
the practical application of quality control methods in the 
foundry and the steelplant.—s. c. R. 

Foundry Modernization and Mechanization. I. C. Sheppard. 
(All-Canadian Foundry Conference, 1948: Canadian Metals 
and Metallurgical Industries, 1949, vol. 12, Feb., pp. 18-19, 
36-39). Improvements to production in foundries by 
mechanizing transport, providing clothes-drying facilities 
and adequate ventilation and lighting, and control of 
operations and costs are discussed.—R. A. R. 

The Organization for the Training of Apprentices in the 
French Foundry Industry. D. Waeles. (Institute of British 
Foundrymen, June 14-17, 1949, Paper No. 945). A survey 
is presented of the methods adopted in France for training 
recruits to the foundry industry.—s. c. R. 

A System of Costing in a South African Steel Foundry. 
C. I. Rhind. (Institute of British Foundrymen, June 14-17, 
1949, Paper No. 944). The method of costing adopted at a 
South African steel foundry is outlined with illustrations 
of the costing sheets used.—s. c. R. 


FORGING, STAMPING, DRAWING, AND PRESSING 


The Production of Forgings for Marine Purposes. R. C. 
Benson. (North-East Coast Institution of Engineers and 
Shipbuilders, Feb. 25, 1949: Iron and Steel, 1949, vol. 22 
Apr., pp. 145-148; May, pp. 181-184). See Journ. I. and 
8.I., 1949, vol. 162, July, p. 357. 

Foundations of Heavy Die-Forging Hammers. H. Haller. 
(Stahl und Eisen, 1949, vol. 69, Mar. 31, pp. 227-232). 
The design of foundations for heavy die-forging hammers is 
discussed and methods of reducing vibration to a permissible 
amount are described. To eliminate vibration is only 
possible with the suspended sprung foundation block. 
Formule and examples of design calculations are presented 
and explained.—kr. A. R. 

Helve Hammer Forging Done to -001 in. Tolerances. 
J. ©. McComb. (Steel Processing, 1949, vol. 35, Mar., 
pp- 129-132). A description is given of the forging opera- 
tions at the Crucible Electric Steel Co., Homestead, Pa., 
where 100-Ib. Bradley cushioned helve hammers are used. 
The forging of a cold chisel is described in detail.—r. A. R. 

Forging Alloys for High Temperature Service. L. S. Fulton. 
(Materials and Methods, 1949, vol. 29, Apr., pp. 50-53). 
The preparation of alloy steel billets and the subsequent 
forging and upsetting processes in the manufacture of turbine 
discs ard blades are described. The compositions of typical 
iron, nickel, and cobalt base alloys are given.—R. A. R. 

Drop Forgings— Some Aspects of Die Life. H. J. Merchant. 
(Metal Treatment, 1949, vol. 16, Spring Issue, pp. 3-11). 
The author discusses many factors affecting the life of dies 
used in drop forging, including “‘ heat checking,”’ the effects 
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of differential heating, and the result of wear by scale and by 
the flow of the forging itself. He notes the differences in 
design which the forging of various alloys will impose, and 
indicates suitable die materials for a number of forging appli- 
cations.—J. P. 8. 

Fabricating Hollow Steel Airplane Propellers. A. Q. Smith. 
(Industrial Gas, 1948, vol. 27, Oct., pp. 14-15, 35-36). 

Cold Forming Stainless Steel. L. F. Spencer. (Iron Age, 
1949, vol. 163, Mar. 31, pp. 58-64; Apr. 7, pp. 93-99). 
Comparison is made between the forming properties of stainless 
steels of both austenitic and ferritic types and those of mild 
steel. The operations of blanking, bending, drawing, and 
bulging are described in the first part ; in the second, cold 
forming of rectangular and other non-circular parts is dis. 
cussed, together with heat-treating and pickling procedures, 

J. P.3, 

Hot Extrusion Methods Applied to Automobile Parts. 
C. L. Stevens and G. Vennerholm. (Steel, 1949, vol. 124, 
Apr. 11, pp. 82-85, 110). The production by the Ford Motor 
Co. of extruded spindles is described ; this has been developed 
from die-typing. The most successful material for the dies 
and punches employed has been a 5% chromium steel, 
containing 0-3-0-35% C, 0-25-0-60% Mn, 0-8-1-20% 8 
4-75-5-5%, Cr, 1-0-1:5°9, W, and 1-4-1-8% Mo. Dies of 
this material heat-treated to 50 Rockwell C hardness give 
6000-9000 extrusions at 8 per min.: an oil-graphite die 
lubricant is employed, and the die is cooled with an air and 
water spray. To obtain a smooth loading of the press the 
slugs, cold sheared from round bar stock and heated in an 
induction heater, are placed in the die with their axes hori- 
zontal ; the greatest load is therefore experienced when the 
press is at the bottom of its stroke.—g. P. s. 

Plastic Flow in Forming and Drawing Metals. ©. L. Alten- 
burger. (Steel, 1949, vol. 124, Apr. 18, pp. 88-92, 4). 
The author discusses the behaviour of metals under bi- and 
tri-axial stresses and the relation of this to the ability to 
deep-draw steels: the connection between shear resistance 
and the poor drawing behaviour of banded steels is also 
brought out.—s. P. s. 

Metallurgical Control of Deep-Drawn Stampings from Cold 
Rolled Steel. Part I. N. E. Rosenthaler. (Tool and Die 
Journal, 1948, vol. 14, Nov., pp. 46-49: [Abstract] Metals 
Review, 1948, vol. 21, Dec., p. 38). The necessary steps in 
the design and construction of new dies for an automobile 
body are outlined, and surface and internal-quality factors 
in production of steel for this purpose are considered. The 
use of “ Cerrobend”’ alloy for making small experimental 
dies is discussed. 

Metallurgical Control of Deep-Drawn Stampings from Cold 
Rolled Steel. Part II. N. E. Rosenthaler. (Tool and Die 
Journal, 1948, vol. 14, Dec., pp. 46-48, 50-51: [ Abstract} 
Metals Review, 1949, vol. 22, Jan., p. 40). The metallurgical 
control group of Ford Motor Co. observes and _ records 
daily steel performance on all deep-drawing operations. Any 
disturbing factor which is causing poor performance is 
quickly determined and adjustment is made. 

The Hard-Chromium-Plating of Cold-Drawing Dies of 
Small Diameter. W. EHilender, H. Arend, and P. Form. 
(Metalloberflache, 1949, vol. 3, Mar., pp. 59-61). Investi- 
gations of the relation between hardness and thickness of the 
chromium plating on drawing dies and their service life were 
carried out. The dies were of the type used in the first-stage 
of deep-drawing 18-mm. cylindrical cups. Dies with a 
Vickers hardness of 700-750 had the longest life, and the 
optimum thickness was 0-01 mm.—R. A. R. 

Deep Drawing Thin Sheets with Special Tools. H. Beisswanger. 
(Zeitschrift fiir Metallkunde, 1949, vol. 40, Mar., pp. 101- 
115). An investigation was made to develop a drawing 
technique by which the full drawing capacity of sheet metal 
could be utilized with tools of unconventional shape. Such 
a method, employing a cylindrical punch, a flat blank-holder 
and a conical drawing die was developed. The die should 
have an entry angle not exceeding 36° and an entry diameter 
about 0-72 times that of the blank. With entry angles of 
30° and 36° a drawing ratio D/d (where D and d are diameters 
of blank and punch respectively) of 0-365 could be obtained. 
The greatly improved utilization of drawing capacity obtained 
with conical die rings is due to the work of deformation being 
distributed over a longer punch movement.—Rk. A. R. 

Process for Hot Drawing Wire. R. Schempp. (Steel, 
1949, vol. 124, June 13, pp. 116, 118). A process suitable for 
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drawing high-carbon and high-alloy steel wires has been 
developed by the Crucible Steel Co. of America, in which the 
material, after hot rolling to rod, is coiled and fully annealed, 
and then passed through a gas-heated lead bath heated to 
510° C., before it is drawn down through the preheated 
tungsten carbide die. The actual drawing temperature is 
about 330°C. The drawing does not harden the wire, and a 
superior product is claimed.—J. P. s. 


ROLLING-MILL PRACTICE 


Draught, Spread and Elongation in the Hot Rolling Process. 
Z. Wusatowski. (Prace Badaweze Gléwnego Instytutu 
Metalurgii i Odlewnictwa, 1949, No. 1, pp. 27-58). [In 
Polish]. The author develops formule for the coefficients 
of elongation and spread in hot rolling and presents series 
of curves which enables them to be applied for the rapid 
solution of rolling problems.—R. A. R. 

A/S Christiania Spigerverk, Oslo. (Iron and Coal Trades 
Review, 1949, vol. 158, May 20, pp. 1079-1085). A detailed 
illustrated description is presented of the plant and operations 
of this company which produces inter alia rails and wire. 

FH O0R 

Hot Rolled Breakdowns Produced in Converted Geneva 
Plate Mill. (Steel, 1949, vol. 124, June 13, pp. 106, 108). 
Alterations to the 132-in. semi-continuous plate mill at 
Geneva Steel Co., Provo, Utah, to enable semi-finished hot- 
rolled strip to be produced in coil form have included the 
addition of a slab squeezer, a vertical edger, two new 132-in. 
four-high stands of rolls, and two down coilers and a coil 
conveyor.—J. P. S. 

The West Gets a New Steel Mill. (Western Metals, 1948, 
vol. 6, Oct., pp. 24-30: [Abstract] Metals Review, 1948, 
vol. 21, Dec., p. 38). A description is given of Columbia 
Steel Company’s new cold reduction plant with details of 
plant layout, units for rolling, cold reduction, electrolytic 
cleaning and tinning, coil annealing, hot-dip tinning, and 
trimming. 

Crucible Completes $3,200,000 Program at Spaulding 
Works. (Industrial Heating, 1949, vol. 6, Apr., pp. 635-642, 
700-704). The new cold-rolling plant of the Crucible Steel 
Co. of America is described (see Journ. I. and S.1., 1949, 
vol. 162, July, p. 358).—n. A. R. 

Modern Seamless Tube Mills. W. Rodder. (Lron and 
Steel Engineer, 1949, vol. 26, May, pp. 86-94). This paper 
deals principally with the modernization of component units 
used in the plug mill type of seamless tube mill. The pro- 
cess and flow of material is first considered and then improve- 
ments that have been made in recent years in the design of 
various units are discussed.—J. C. R. 


MACHINERY FOR IRON AND STEEL PLANT 


A Decade of Experience in Air Conditioning of Crane Cabs. 
W. A. Lintern. (Iron and Steel Engineer, 1949, vol. 26, 
May, pp. 99-100). 

Non-Contacting X-Ray Thickness Gages. H. S. Maxwell 
and C. W. Clapp. (Iron and Steel Engineer, 1949, vol. 26, 
May, pp. 70-75). A detailed and illustrated description is 
given of @ non-contacting X-ray thickness gauge for use with 
continuous hot and cold strip mills. With hot-rolled strip 
it has an accuracy of + 2°, over a thickness range of 0-04 
to 0-19 in. and with cold-rolled strip an accuracy of + 2% 
over a range of 0-005-0-:027 in. The advantages obtained 
by the use of this gauge are reviewed: these include the 
reduction of scrap losses due to off-gauge strip and a reduction 
in the number of adjustments required during rolling. 

Ti Gs 

Plant-Devised Attachments Speed Handling of Coiled Wire. 
(Steel, 1949, vol. 124, Apr. 18, p. 98). At the Southern 
Electrical Co.’s works at Chattanooga, Tennessee, two 
devices have been developed for attachments to battery 
trucks for handling, in the first case, coils of wire, in the 
second, wire on reels. The first consists of a 10-ft. length of 
rail with a quick attachment device for fitting to the truck : 
coils are manually placed on the projecting end. The 
second consists of two I-beams welded into a V, with a quick- 
attachment device at the pointed end: seats for a bar- 
mandrel, which goes through the reel, are welded at the free 
ends, and the reel is thus raised and transported.—s. P. s. 

Special Cars for Steel Plants. E. W. Schellentrager. 
(Iron and Steel Engineer, 1949, vol. 26, May, pp. 59-67). 
Recent developments in the design of cars used in steel plants 
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are reviewed. The cars described include scale and transfer 
ears for moving blast-furnace raw materials, diesel-electric 
transfer cars, strip handling cars, and battery operated 
cars.—J. C. R. 


WELDING AND FLAME-CUTTING 


The Metallurgy of Arc-Welding in Steel. KR. D. Stout. 
(Welding Journal, 1949, vol. 28, Apr., pp. 335-352). The 
author gives an explanation of the welding process in terms 
of the basic processes of ferrous metallurgy, fusion, casting, 
working, and heat-treatment. He then considers the effect 
of these processes on the mechanical properties of welds, 
with special reference to cracking phenomena.—J. P. Ss. 

Techniques of Quality Welding of Plain Carbon Steel 
Castings. E. LaGrelius and J. D. Wozny. (Transactions 
of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 543-554). See Journ. I. and 8.1., 1948, vol. 160, Dee., 
p. 442. 

X-Ray Examination of Materials and Application to Ship- 
yard Welding. T. J. Heal. (Research, 1949, vol. 2, Mar., 
pp. 119-126). Definitions and mathematical expressions for 
the sensitivity of radiographs are given and the use of the 
penetrameter to gauge sensitivity is explained. Defects in 
structural welds in shipyards and radiographic techniques 
for detecting them are described and the advantages of 
stereoscopic radiographs are pointed out. Six radiographs 
of defects in welds are reproduced and discussed.—R. A. R. 

A/S Sénnichsen Rorvalseverket. (Iron and Coal Trades 
Review, 1949, vol. 158, May 20, pp. 1086-1088). A detailed, 
illustrated description is presented of the plant and operations 
of this Norwegian company which specializes in the manu- 
facture of steel tubes by forming and electric welding of 
strip.—J. C. R. 

Tube Production from Coiled Strip. (Mass Production, 
1949, vol. 25, No. 1, pp. 52-55: Metallurgical Abstracts, 
1949, vol. 16, Mar., p. 431). An account is given of a new 
machine for the coritinuous production of tube from coiled 
strip. The machine consists of four units: (1) a seven- 
stand shaping and forming mill; (2) a resistance-welding 
unit ; (3) a “ sizing ’’ and straightening mill, and (4) a sawing 
unit. 

Machinable Arc Weld Casting Repairs. D. W. De Armond 
and 8. Epstein. (Canadian Metals and Metallurgical Indus- 
tries, 1949, vol. 12, Jan., pp. 21, 38). A Ni-Rod was used 
for building-up a grey iron pump casing by electric welding 
and made a good machinable repair. When a casting is 
impregnated with oil, preheating to 750° F. is recommended. 

Bi As Be 

Furnace Brazing Small Steel Parts. H. M. Webber. 
(Industrial Heating, 1949, vol. 16, Mar., pp. 402-412, 418; 
Apr., pp. 600-610, 744-746). Furnace brazing consists of 
cleaning the parts to be joined, assembling them in a press 
with 0-001—0-003-in. interference fit, placing a ring of 
0-032-in. hard copper wire over the joint, putting such 
assemblies on brazing trays and loading into controlled- 
atmosphere electric furnaces where they are heated for about 
8 min. at 2025-2060° F. in a controlled atmosphere. The 
copper melts and runs into the joint by capillary attraction, 
no flux being required. Several parts made in this way, with 
great economy in material and machining are described. 

R. A. R 

Redesigning Metal Parts for Electric Furnace Brazing. 
H. M. Webber. (Materials and Methods, 1949, vol. 29, 
Apr., pp. 58-62). Several examples are described of parts 
which have been redesigned to take advantage of the furnace- 
brazing process (see preceding abstract) so as to lower the 
cost of production.—R. A. R. 

Salt-Bath Brazing. (Metallurgia, 1949, vol. 39, Mar., 
pp. 257-259). In salt-bath brazing the parts to be joined 
are machined to correct size limits, cleaned free from scale or 
grease, and the brazing alloy is placed in position. The 
assembly is warmed to remove moisture and then placed in 
the salt bath at the requisite temperature. The advantages 
are: (1) Speed of operation and greatly reduced labour costs ; 
(2) accurate temperature control; (3) the scale-free finish 
requires less work in finishing operations; and (4) several 
joints of a complicated assembly can be brazed simul- 
taneously. Sodium cyanide baths can be used for brazing in 
the 650-950° C. range. The process is described in detail 
and a table gives the melting points and brazing temperature 
of copper, silver, and a number of brazing alloys.—Rr. A. R. 
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Cutting with Propane. L. A. Peletier. (Lastechneik, 
1949, vol. 15, June, pp. 233-236). [In Dutch]. 


MACHINING AND MACHINABILITY 


Improvement of Machinability in High Phosphorus Gray 

Iron. W. W. Austin, jun. (Transactions of the American 

Foundrymen’s Society, 1948, vol. 56, pp. 431-445). See 
Journ. I. and §.I., 1949, vol. 161, Feb., p. 157. 

Hot Milling. A. O. Schmidt (Iron Age, 1949, vol. 163, 
Apr. 28, pp. 66-70). Preheating the surface of workpieces 
by an oxy-acetylene torch moving ahead of the milling cutter 
has been found to reduce power consumption and the impact 
shock on the teeth of the milling cutter. The workpiece in 
question was of SAE 4340 steel (C 0-38-0-43%, Mn 0-60- 
0-80%, Si 0-20-0-35%, Ni 1-65-2-0%, Cr 0-70-0-90%, Mo 
0-20-0-30%) and the milling cutter was tipped with Tantung. 
The surface temperature reached was 1200° F. (650° C.) ; 
during the cut, the temperature, it is stated, was below 
350° F. (180° C.) since no temper colour or discoloration was 
seen on the milled surface.—4J. P. s. 

Machining Small Castings. D.C. McConnell. (Canadian 
Metals and Metallurgical Industries, 1949, vol. 12, Feb., 
pp. 16-17, 19). The machining of small cast iron gear cases 
and transmission parts for washing machines is described 
and illustrated.—R. A. R. 

Nature and Detection of Grinding Burn in Steel. L. P. 
Tarasov and C. O. Lundberg. (Transactions of the American 
Society for Metals, 1949, vol. 41, pp. 893-939). See Journ. 
L, and §.I., 1949, vol. 162, July, p. 360. 


CLEANING AND PICKLING 


Scale-Removal Time Reduced in World’s Largest Salt Bath. 
(Modern Machine Shop, 1948, vol. 20, No. 11, pp. 198-199: 
Metallurgical Abstracts, 1949, vol. 16, Feb., p. 371). A 
description of a molten sodium hydroxide-hydride, 800-KW.., 
electrode-type salt bath for descaling clad plate, stainless 
steel, nickel, and Monel metal is given. 

Pickling Plants on Ceramic-Chemical Foundations. H. 
Kalpers. (Werkstatt und Betrieb, 1949, vol. 82, Apr., pp. 
120-121). Pickling tanks, lined with acid-resisting bricks, 
and cranes and hoists to serve them, are described.—Rk. A. R. 

Continuous Steel Strip Pickling. R. W. Treasure. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, June, pp. 
201-212). The paper deals with the general principles of 
construction and operation of the modern continuous-strip 
pickle line. The history of the development of the plant is 
outlined, and a general description is given of the results of 
investigation into the process involved in the removal of mill- 
scale by the use of sulphuric acid liquor. A description is 
also given of the procedure in electrolytic pickling, and a 
reference is made to the semi-continuous type of pickler, and 
also the rotary-coil type pickle line. The processing of stainless 
steel with the aid of caustic soda is dealt with, a further 
description being given of the mechanical equipment, with 
its general design and method of operation. Reference is 
made to the practical considerations, both from a construc- 
tional and operational aspect, of the continuous wide-strip 
pickle line, consideration being given to acid strengths and 
acid tank construction, and also the exhaust-fume scrubbing 
equipment. 

Pickling vs. Grit Blasting for Cleaning. J. F. Farrell. 
(Metal Finishing, 1949, vol. 47, Feb., pp. 69-75). Shot-blasting 
cleaning equipment is described and the advantages and dis- 
advantages of the process are compared with those of pickling. 

R. A. R. 

Vapor Blasting Precision Parts. (Steel, 1949, vol. 124, 
June 13, p. 104). Fine burrs on high-precision parts are 
removed by blasting with a mixture of water and grit under 
100 Ib./sq. in. air pressure: the abrasive fluid contains, to 
each 10 gallons of water, 40 lb. of No. 80 grit and 15 Ib. of 
No. 325 grit.—J. P. s. 

Liquid Blasting Cleans and Finishes Metallic and Non- 
Metallic Surfaces. B. H. Marks. (Materials and Methods, 
1949, vol. 29, Apr., pp. 64-67). To clean surfaces by liquid 
blasting a high-velocity stream of abrasive particles suspended 
in a liquid is directed against them. The suspension is 
delivered to a blasting nozzle by a circulating pump, and 
ejection is accelerated by compressed air injected at the 
nozzle at about 90 lb./sq. in. The liquid is usually water to 
which a corrosion inhibitor is added. Equipment for the 
process is described and illustrated.—Rr. A. R. 
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Economic Problems in the Operation of Sand-Blast 
Equipment. H Kalpers. (Metalloberflache, 1949, vol. 3, 
Mar., pp. 67-70). Data on the consumption of compressed 
air and electricity, and on the life and wear of nozzles used 
for the sand-blasting of castings, etc., are presented and 
discussed. A 6-mm. hard cast-iron nozzle requires 2-(4 
cu. m./min. of compressed air at 5 atm., and it may wear to 
12 mm. in dia. after 4 hr. when it would require 8-14 cu. m./ 
min. A cast-iron nozzle with a tungsten carbide lining 
could be used for about 500 hr. before the wear increased the 
diameter from 6 to 8 mm. Different designs of nozzle are 
shown. For nozzles less than 8 mm. in dia. a nozzle length 
of 10-12 times the diameter is the best.—R. A. R. 

Progress with Stainless and Heat-Resisting Steels. 
L. Sanderson. (Engineering and Boiler House Review, 
1949, vol. 64, Mar., pp. 89-90). Recent developments in 
corrosion- and heat-resisting steels are briefly reviewed, 
These include: (1) Electropolishing in a solution of 50-60% 
citric acid, 15-20% sulphuric acid, and water; (2) cutting 
stainless steel by directing a stream of oxygen into a pool 
of metal produced by an are between the stainless steel and a 
low-carbon steel rod ; and (3) a new stainless alloy (Ni 29°%, 
Cr 20%, Cu 3%, Mo 2%, C 0-07%, with traces of silicon 
and manganese) capable of being processed into hot-rolled 
cold-drawn bars, cold-drawn shapes, and cold-rolled strip. 

a ALR. 

The Disposal of Spent Acid Pickling Liquor. W. B. Wragge. 
(Journal of The Iron and Steel Institute, 1949, vol. 162, June, 
pp. 213-224). A survey has been made of methods, generally 
employed throughout the world, for dealing with spent 
pickling acid, emphasis being laid on sulphuric acid liquors, 
The neutralizing and crystallizing techniques associated with 
acid recovery are discussed. Information has been obtained 
on operating costs and materials of construction for some of 
these processes. Continuous and batch treatment processes 
are discussed, and comparison is made between freezing and 
water-cooling as applied to crystallization methods. The 
advantages and some of the disadvantages of the foregoing 
are surveyed. To facilitate the calculation of theoretical and 
practical operating cycles in acid-recovery treatment, a useful 
ternary equilibrium diagram, H,O/FeSO,/H,SO,, is included 
in the paper. The problem of the disposal of ferrous sulphate, 
the by-product of acid-recovery processes, is considered. The 
volume of spent acid liquor now produced by the steel 
industry is stated to be assuming major proportions, and the 
concluding remarks contain a few suggestions designed to 
reduce the dimensions of the problem, and which in addition 
would lead to the more effective use of pickling liquors. 

Steel Mill Wastes Converted from Nuisance to Profit. 
(Chemical Industries, 1948, vol. 63, Nov., pp. 784-785: 
(Abstract) Metals Review, 1949, vol. 22, Jan., p. 42). An 
account is given of a new plant which is being constructed 
in U.S.A. to process spent pickle liquor to produce zine and 
iron salts and to treat galvanizing wastes to produce zine 
oxide. 

Electrochemical Cleaning of a Large Steel Casting—An 
Experiment. J. A. Wettergreen. (Transactions of the Ameri- 
can Foundrymen’s Society, 1948, vol. 56, pp. 486-491). See 
Journ. I. and S8.1., 1948, vol. 159, Aug., p. 440. 

Industrial Electropolishing. C. L. Faust and E, E. Graves. 
(American Electroplaters’ Society, Proceedings of the 35th 
Annual Convention, 1948, pp. 223-239). Data on the cost 
of electrolytic polishing stainless steel are presented and 
discussed.—R. A. R. 

Preparing Steel for Painting. I. Richards. (Organic Finish- 
ing, 1947, vol. 8, No. 7, pp. 29-30 : Chemical Abstracts, 1949, 
vol. 43, Jan. 25, col. 544). The durability of paint films over 
rusted steel or mill scale is not good. Rust always contains 
within it enough oxygen and moisture to initiate further 
rusting underneath the paint film. The rust grows in size 
and when sufficiently expanded will force the paint film away 
from the surface of the steel. The presence of mill-scale is 
very detrimental to the life of the coatings applied over it 
and for this reason most specifications insist that it be removed 
by one of the approved methods. The steel is immersed in 
prepared acid solutions to remove the scale effectively without 
attacking the metal itself. The acid reaction is reduced to 
the minimum by the addition of chemical restrainers to the 
bath. There are various mechanical means of scale removal. 
Recently, a flame-cleaning process has been developed in 
which a number of gas flames are slowly moved over the 
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entire steel surface. The difference in the heat expansion 
between the mill-scale and its steel base causes the scale 
quickly to detach itself from the surface. 

Machine Scarfing of Steel. O. K. Sharp. (Iron and Steel 
Engineer, 1949, vol. 26, May, pp. 53-58). Machine scarfing 
is the removal of surface defects from a slab, bloom or billet, 
by means of multiple oxygen-acetylene torches, during some 
stage of the rolling operation, while the slab is still at 
rollable temperature. Illustrated descriptions are given of 
some machines used for this purpose with details of their 
method of operation.—J. c. R. 


PROTECTIVE COATINGS 


Rust Prevention of Equipment in Storage and Use. 
(Lubrication, 1948, vol. 34, Oct., pp. 109-120: [Abstract] 
Metals Review, 1948, vol. 21, Dec., p. 20). The factors 
discussed in this article are the use of oils, compounds, and 
greases ; procedures for preserving engines, ball and roller 
bearings, turbines, hydraulic equipment, machine tools, 
hand tools, spare parts; cleaning; drying; application of 
rust preventives ; packaging; and test methods. 

Rust Preventives Help Maintain Steel Structures. J. G. 
Surchek. (Iron and Steel Engineer, 1949, vol. 26, May, 
pp. 82-85). The author describes the protection of steel 
structures against corrosion by the use of petroleum-base 
heavy grease or wax coatings and the means of applying 
them. The use of these rust preventives on pipelines, water 
tanks, gas holders, railway, marine, and general industrial 
equipment is discussed.—J. ©. R. 

Continental Trends in Metal Finishing. W. F. Coxon. 
(Proceedings of the Third International Electrodeposition 
Conference, 1947, pp. 91-93: Metallurgical Abstracts, 1949, 
vol. 16, Feb., p. 344). The paper gives impressions of 
German, Swiss, French, Dutch, and Swedish metal-finishing 
practice gained over the period Nov. 1945 to Dec. 1946. 
Particular attention is paid to the anodizing and electro- 
polishing of aluminium, and phosphatizing. 

Porosity of Electrodeposited Metals. Measurement of 
Intrinsic Porosity. N. Thon and D. Kelemen. (American 
Electroplaters’ Society, Proceedings of the 35th Annual 
Convention, 1948, pp. 105-118). An apparatus for deter- 
mining the permeability of electrodeposited metals is des- 
cribed. The coating is removed from the parent metal and 
a disc of it is inserted in a tubular holder. A system of 
tubes and gauges is connected to each end of the holder and 
the whole system is exhausted to high vacuum after which a 
very slight overpressure is admitted on one side. Any 
porosity in the disc will cause the pressure difference to 
diminish and the degree of porosity can be estimated by 
plotting a pressure-difference/time curve.—R. A. R. 

A Spiral Contractometer for Measuring Stress in Electro- 
deposits. A Brenner and 8. Senderoff. (American Electro- 
platers’ Society, Proceedings of the 35th Annual Convention, 
1948, pp. 538-78: Journal of Research of the National Bureau 
of Standards, 1949, vol. 42, Feb., pp. 89-104). A description 
is given of an instrument for measuring stress in electro- 
deposited coatings. A flat strip is wound to form a helix 
and is plated on one side only; the stress in the deposit 
causes the helix to wind more tightly or to unwind, depending 
on whether the stress is compressive or tensile ; this move- 
ment is indicated by a pointer connected to the helix through 
suitable gearing. 

Formule for calculating the stress from the movement 
are presented and the effect of changes in plating conditions 
on the magnitude of the stress are discussed.—R. A. R. 

Calculation of Stress in Electrodeposits from the Curvature 
of a Plated Strip. A. Brenner and S. Senderoff. (Journal of 
Research of the National Bureau of Standards, 1949, vol. 42, 
Feb., pp. 105-123). The formule presented are derived 
from the fundamentals of the theory of elasticity ; relation- 
ships between the various formule are shown, and the limits 
of applicability of some simplified formule which are derived 
are demonstrated. 

A Combined Apparatus for the Investigation of the Electrical 
Conductivity, Viscosity and Density of Solutions. 8S. I. 
Sklyarenko and I. V. Smirnov. (Zavodskaya Laboratoriya, 
1949, vol. 15, Apr., pp. 481-482). [In Russian]. An 
apparatus is described in which a single sample is used for the 
determination of the electrical conductivity, viscosity, and 
density of an electrolyte. The apparatus can be used at 
temperatures over 100° C.—s. k. 
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Hard Chromium Coatings of Maximum Wear Resistance. 
W. Ejilender, H. Arend, and E. Schmidtmann. (Metall- 
oberfliche, 1949, vol. 3, Mar., pp. 57-59). Tests were made 
to establish the relation between the hardness and the wear 
resistance of hard chromium electrodeposited on steel. The 
wear tests were made with a grinding wheel 330 mm./in dia. 
with an 8-mm. face, a surface speed of 1 m./sec., and a load 
of 5 kg. There was a range of minimum wear at 750-800 
Vickers hardness above and below which the amount of 
wear rapidly increased. This hardness could be obtained 
either by annealing a harder coating, or by observing certain 
plating conditions, and a chart is presented showing the 
current density and bath temperature in relation to the 
hardness, using a bath composition of 200 g. CrO,; and 1% 
H,SO,. Coatings produced by the second method resist 
ageing without requiring heat-treatment.—R. A. R. 

Mist Control with Addition Agents in Chrome Plating. 
L. Silverman and R. M. Thomson. (Journal of Industrial 
Hygiene and Toxicology, 1948, vol. 30, No. 5, pp. 303-306 : 
Metallurgical Abstracts, 1949, vol. 16, Feb., p. 345). An 
apparatus is described which enables the amount of mist and 
spray from chromic acid plating baths to be estimated. This 
apparatus was used to test the efficacy of a new proprietary 
anti-mist agent (‘‘ No-Cro-Mist ’’); this agent is a surface- 
tension depressant and is thought to be an aqueous solution 
of a fatty acid. The agent lowered the surface tension 
of a standard bath (25°% chromic acid, 0°5% sulphuric acid) 
from 64 to 25 dynes/sq. em. Addition of about 3 ml./I. of 
the agent reduced the concentration of chromic acid in the 
exhaust duct from 0-60 to 0-0043 mg./10 cu. m. The beneficial 
effect of the agent slowly falls off with time after addition. 

Determination of Impurities in Electroplating Solutions. 
Part XI—Traces of Ammonium in Nickel Plating Baths. 
(Plating, 1949, vol. 36, Feb., pp. 158-162). Methods for the 
determination of the ammonium ion content in nickel-plating 
solutions are described. In particular, details are given of 
ammonium separation by alkali treatment and steam dis- 
tillation with a micro-Kjeldahl apparatus. The ammonia is 
treated with Nessler’s reagent, and the colour developed is 
measured photometrically with a Klett-Sommerson colori- 
meter.—R. A. R. 

Determination of Impurities in Eléctroplating Solutions. 
Part XII—Traces of Chromium in Nickel Plating Baths. 
(Plating, 1949, vol. 36, Mar., pp. 254-261, 302). Methods for 
the determination of chromate chromium and total chromium 
in nickel-plating baths have been developed and are des- 
cribed.—R. A. R. 

Effect of Impurities and Purification of Electroplating 
Solutions. Some Effects of Copper in Nickel Plating Solutions 
on the Salt Spray Resistance of Nickel and Nickel-Chromium 
Deposits on Steel. D. T. Ewing, R. Rominski, and W. King. 
(American Electroplaters’ Society, Proceedings of the 35th 
Annual Convention, 1948, pp. 119-124). Tests have shown 
that copper as an impurity in nickel-plating solutions reduces 
the resistance of nickel-plated steel and of chromium over 
nickel on steel to salt spray.—R. A. R. 

A Semi-Bright Nickel Plating Process. K. S. Willson and 
A. H. DuRose. (Metal Finishing, 1949, vol. 47, Feb., 
pp. 55-57). A process for producing nickel plating between 
‘** grey” and “ bright ’’ is described ; it is useful for coating 
parts which are difficult or costly to prepare for a bright 
coating. This semi-bright coating fills in base-metal imper- 
fections. The bath is based on a Watts-type solution with 
40-45 oz. of nickel sulphate per U.S. gallon. The bath 
temperature is 120-135° F. The plating solution is poured 
through a filter containing an addition agent. particulars of 
which are not given.—R. A. R. 

Wire Screen Plating. (Plating, 1949, vol. 36, Feb., 
pp. 142-147). Processes in the manufacture of rolls of wire 
screen from iron wire and nickel plating them are described 
with numerous illustrations of the plant at the works of the 
Hanover Wire Cloth Co., Hanover, Pa.—nR. A. R. 

High Speed Automatic Nickel Plating with Notes on 
Rainbow in Chromium Plating and on Electropolishing of 
§.A.E. 1010 Steel. A. Hirsch. (Plating, 1949, vol. 36, 
Feb., pp. 138-140, 176). Experience with high-speed nickel 
plating of brass aerial tubes and steel exhaust pipe extension 
tubes is reported. A bath consisting of 200 g. nickel chloride, 
90 g. nickel sulphate, and 23 g. boric acid per litre, with a 
brightener, operated at 140° F. was very satisfactory and a 
very high current density could be applied. To prevent the 
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‘rainbow effect’ in chromium plating the following pre- 
cautions should be taken: (1) Objects of different sizes and 
shapes should not be in the tank at the same time; (2) the 
parts should make electrical contact just before they enter 
the plating bath; and (3) the rack members must have 
ample current-carrying capacity.—R. A. R. 

Hot-Dip Galvanizing. W. Haarmann. (Metalloberflache, 
1949, vol. 3, Feb., pp. 43-44). Recommendations on hot- 
galvanizing are made with special reference to precautions 
to be taken when dipping vessels and tubes which are to be 
coated both inside and outside.—nr. A. R. 

The Bending Qualities of Hot-Dip Zinc Coatings. W. G. 
Imhoff. (Metal Finishing, 1949, vol. 47, Feb., pp. 65-68, 75). 
Factors affecting the pliability of hot-dip zinc coatings have 
been studied. The following recommendations on obtaining 
maximum pliability are made: (1) Use prime Western 
zine with up to 1-00% of lead, or 1-:00% of lead plus 
cadmium ; (2) the bath should contain the lowest possible 
amount of iron, no aluminium or antimony, tin < 1-00%, 
and copper < 0-25%; (3) bath temperature 825°-860° F.., 
preferably near 825° F.; (4) shortest immersion time con- 
sistent with good coating ; (5) as thin a coating as possible : 
(6) as thin a zinc-iron-alloy interface as possible; and 
(7) a high quality steel base low in silicon, phosphorus, and 
sulphur.—R. A. R. 

Tin-Zinc Plating. J. W. Cuthbertson. (Tin and Its 
Uses, 1949, Mar., pp. 5-6). A brief description is given of a 
process for the electrodeposition of coatings consisting of 
a tin-zine alloy (75-80% Sn + 20-25°, Zn). The bath is 
really a mixture of the alkaline-stannate tin-plating bath and 
the cyanide zinc-plating bath.—n. A. R. 

Electro-Tinning Steel Strip. Expenditure of Electrical 
Energy. J.H. Mort. (Iron and Steel, 1949, Apr., pp. 112- 
116). The author describes methods and derives formule 
for estimating the consumption of electrical power at an 
electrotinning plant. Electrical energy is expended in 
(a) The electrolytic action in the plating bath, (b) the 
thermal reflowing process, and (c) drawing the strip through 
the line components, plus the power required for the 
operation of ancillary machines. The factors affecting 
power consumption are (a) kind of electrolyte, (6) thickness 
of tin coating, (c) strip thickness, and (d) number of auxiliary 
machines—J. C. R. 

Plating of Lead-Tin Alloys from a Fluoborate Bath. 
R. Erdmann. (Metalloberfliche, 1949, vol. 3, Feb., pp. 38- 
40). Particulars are given of the plating process developed 
by the General Chemical Company, New York, for depositing 
lead-tin alloy coatings of any composition up to 60% tin. 

R. A. R. 

Colouring Metals. (Product Finishing, 1948, vol. 1, Dec., 
pp. 50-56). The colouring of metals by heat and by 
chemical means is discussed, methods of producing temper 
colours, gunmetal blue, and brown tints on steel being 
described.—R. A. R. 

Mechanical Aspects of Pipe-Line Coatings. L. I. Scherer 
and O. C. Mudd. (American Petroleum Institute, Proceedings 
of the Twenty-eighth Annual Meeting, 1948, Nov., pp. 32-38. 
After a summary of the evaluation of test results on coatings 
for buried pipelines by the American Petroleum Institute, 
in which a coal-tar enamel with a wrapper is recommended, 
recent developments in coatings are described. An example 
of a specification and form of contract for applying coatings 
and wrappings is given.—R. A. R. 

The Impoztance of Acid Ratio in Phosphatization of Steel. 
N. F. Murphy and M. A. Streicher. (American Electro- 
platers’ Society, Proceedings of the 35th Annual Convention, 
1948, pp. 281-290). The acid ratio in the phosphatizing 
bath is the ratio of concentration of total acid to that of free 
acid. The total acid is found by titration of a sample 
with 0-1 N sodium hydroxide using phenolphthalein as an 
indicator, and the free acid by titration, also with sodium 
hydroxide, using bromphenol blue as indicator. Factors 
affecting the acid ratio are: (1) The amount of sludge formed 
in the bath, (2) the for mation of a hydrogen blanket on the 
part, (3) the time required for forming a satisfactory coat, 
(4) the quality of the coating, and (5) the loss or gain in 
weight of the treated piece.—R. A. R. 

Special Phospate Coating Treatment. (Steel, 1949, vol. 124, 
June 6, p. 118). The “ Banox ” cold phosphatizing process 
and its applic ation by the Timken Koller ee Hs 0., in the 
cold drawing of steel tubes are briefly described.—s. P. s. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


The Part of Phosphatization in the Protection Afforded by 
Paints. E. Jaudon. (Peintures, Pigments, Vernis, 1949, 
vol. 25, June, pp. 224-226). The results obtained for the 
protection of steal by phosphatizing before painting are 
discussed.— R. F. F. 

The Development and Application of the Atrament Processes 
under Present Economic Conditions. F. Rossteutscher. 
(Archiv fiir Metallkunde, 1949, vol. 3, Feb., pp. 66-71). 
The ‘‘ Atrament ” processes of phosphatizing ‘developed by 
I.G. Farbenindustrie are described. The Atrament ae 
process was developed first ; this is a ** long-time ” process in 
which a manganese phosphate coating is formed on the surface 
of the iron or zinc. In the Atrament “ Zi” process the 
protective coating is of zinc phosphate. The Atrament 
*“C” process is a rapid one in which chlorates are used as 
oxidizing agents, and the bath temperature is 92—95°C 
There are also the cold bath process called ‘‘ Kaltatrament,” 
and a process called Atrament ‘‘ M ”’ for phosphatizing zinc 
and zine alloys.—R. A. R. 

Chemical Scuff Resistant Coatings for Ferrous Parts. 
G. Black. (Product Engineering, 1949, vol. 20, Apr., 
pp. 138-141). Tests are reported which compare the effect 
of several chemical treatments designed to reduce the wear 
caused by metal to metal contact of moving parts. Man- 
ganese iron phosphate coatings produced in a solution of 
ferrous and manganese dihydrogen phosphates gave very 
good results—better than those obtained with zine phos- 
phate.—Rr. A. R. 

Automatic Spraying. Metallic Protection of Constructional 
Steelwork. (Iron and Steel, 1949, vol. 22, Apr., pp. 121-123). 
An account is given of the protection of structural steelwork 
by sprayed aluminium using a special machine built by 
Metallisation Ltd.—s. c. R 

Metallizing as a Production Process. K. B. Smith. 
(Canadian Metals and Metallurgical Industries, 1949, wol. 12 
Jan., pp. 17, 18, 32, 33). See Journ. I. and 8.1., 1949, vol. 162, 
July, p. 363. 

Coating by Metallization. J. Cauchetier. (Soudure et 
Techniques Connexes, 1948, vol. No. 9/10, pp. 216—225 : 
Metallurgical Abstracts, 1949, oat “16, Apr., p. 494). This is 
a study of sprayed metals. The thickness of the sprayed 
coating can attain 15 mm. Consideration is given to the 
density, voids, and micrographic structure of sprayed metals. 
The anti-frictional properties and adhesion of some sprayed 
metals are discussed. 

The Application of Metal Spraying. A. E. Williams. 
(Engineering and Boiler House Review, 1949, vol. 64, Mar., 
pp. 80-82). The advantages and limitations of metal 
spraying are briefly pointed out and the process is described 
in detail with some examples of its application. Sprayed 
metal deposits are not suitable for building up components 
which are subjected to frequent shocks, but for surfaces 
subject to friction, metal spraying produces a more suitable 
structure than that of the original metal because its porous 
nature gives it the ability to hold lubricants.—R. A. R. 

Cold Rolled Low Carbon Sheets vs. Enamel Iron for High 
Temperature Enamels. D. Beal. (Finish, 1948, vol. 5, 
Nov., pp. 25-28). 

Porcelain Enamelling at Lustron. EK. E. Howe. (Iron 
Age, 1949, vol. 163, Apr. 14, pp. 72-75). The Lustron all- 
steel house is made from low-carbon cold-rolled steel com- 
parable with autobody stock rather than with enamelling 
iron, and the enamels are fired at 705°C. rather than at 
815° C. as employed on the latter material. Eleven different 
enamels, all basically of the alkaline-boro-silicate type are 
employed, varying with the part of the house in question. 
Fully automatic plant has been installed for pickling, nickel- 
flashing, spraying, and firing the material, of which 
760,000 sq. ft. are treated in 24 hr.—zs. P. s. 

American Developments in the Field of Paints Used for 
Shipbuilding. M. Newell. (X Xe Congrés de Chimie Indus- 
trielle: Peintures, Pigments, Vernis, 1949, vol. 25, May, 
pp. 178-184). The author surveys methods for pretreating 
metallic surfaces and the types of protective paints and 
coatings for the protection of — structures used in 
America during the war of 1939-45.—R. F. F. 

Paints for the Protection of Immersed Metallic Structures 
against Corrosion. A. V. Blom. (Peintures, Pigments, 
Vernis, 1949, vol. 25, Jan., pp. 10-15). The author discusses 
the preparation. of metallic surfaces before painting and the 
types of paints and coatings used against corrosion.—R. F. F. 
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Studies on Anti-Fouling Compositions. Part VI-—The 
Leaching Rate during the Early Stages and Its Relation to the 
Surface Condition in Cuprous Oxide Compositions. H. Barnes. 

(Journal of The Iron and Steel Institute, 1949, vol. 162, 
Sas pp. 179-185). This paper continues the series on 
anti-fouling paints (see Journ. I. and S.I., 1948, vol. 160, 
Oct., pp. 177-184). The factors governing the initial and 
later stages of the leaching process of anti-fouling composi- 
tions containing cuprous oxide are different, and the initial 
stages are therefore considered separately. Dilute solutions 
of citric acid in sea water are used for studying the available 
particulate cuprous oxide, since this reagent is almost without 
action on the varnish media used. The copper extracted 
by this reagent can be used to estimate the surface- available 
cuprous oxide. The use of this reagent indicates that the 
surface-available cuprous oxide is responsible for the initial 
leaching rate of the compositions. It is pointed out that it is 
difficult to generalize from the results obtained regarding the 
effect of various components of the compositions on this 
surface-available cuprous oxide, since the conditions were 
not adequately controlled. Overlying the uniform portion of 
the paint film, a layer of almost pigment-free varnish may be 
formed, and the relation of this to the early leaching rates is 
considered. Some practical considerations with regard to 
varnish-film formation and its prevention are noted. 

Present Position of Anti-Fouling Paints. Application to 
Seaplanes. Karnojitzky. (Technique et Science Aéro- 
nautiques, 1948, No. 4, pp. 197-201). The problem of marine 
fouling and the use of anti-fouling paints are discussed with 
special reference to the protection of seaplane hulls.—k. F. F. 


PROPERTIES AND TESTS 


The Inspection and Testing of Engineering Materials. 
R. O. Watts. (Engineering Inspection, 1949, vol. 13, Spring 
Issue, pp. 41-45). The organization and working of a 
department concerned with testing and inspecting metallic 
materials is discussed. The selection of suitable personnel is 
the most important factor. The selection depends on the 
demands of the job and the requirements of the materials 


during processing. The most useful tests are listed and 
briefly described.— Rk. A. R. 
The Strength of Metals. Sir Lawrence Bragg. (Proceed- 


ings of the Cambridge Philosophical Society, 1949, vol. 45 
Part 1, pp. 125-130). An attempt is made to derive an 
expression for the ultimate elastic limit or yield stress of a 
cold-worked metal, in terms of its structure and elastic 
constants.——R. A. R. 

The Fracture of Metals. Constance F. Tipper. (British Rheo- 
logists’ Club: Metallurgia, 1949, vol. 39, Jan., pp. 133-137). 
Experimental work on the fracture of mild steel is described. 
Fracture may take place in metal crystals in one of three 
ways: (a) the fracture plane may be crystallographically the 
same as the plane of shear ; (b) there is no well-defined plane, 
but a wedge is formed by two shear planes making equal 
angles with the directions of the principal tensile stress ; 
(c) the fracture plane may be crystallographically different 
from possible glide planes. Evidence of cracking in advance 
of the main fracture front has been obtained. An increase 
in the number of crystals breaking in cleavage as the tempera- 
ture falls may be due to an increase in resistance to shear and 
to the influence of orientation of the grains on the incidence 
of cleavage.—R. A. R. 

Recent Developments in the Mathematical Theory of 


Plasticity. W. Prager. (Seventh International Congress for 
Applied Mechanics, London, 1948: Journal of Applied 
Physics, 1949, vol. 20, Mar., pp. 235-241). The general 


technique used in the discussion of stress-strain laws for 
inviseid elastic-plastic materials which work-harden are dealt 
with and the problems of plastic equilibrium are discussed. 

Statically determinate problems in the Saint-Venant 

Mises theory of plasticity are reviewed with special reference 
to discontinuous solutions.—R. A. R. 

A Grain Boundary Model and the Mechanism of Viscous 
Intercrystalline Slip. T’ing-Sui Ké. (Journal of Applied 
Physics, 1949, vol. 20, Mar, pp. 274-280). A study of the 
activation energy associated with the viscous intercrystalline 
slip shows that the intercrystalline amorphous cement theory 
and the abrupt transitional theory are both untenable. 
A grain-boundary model is described in which the transition 
region at the boundary is considered as consisting of numerous 
disordered groups of atoms or diffused holes. The inter- 
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crystalline slip occurs through the atomic rearrangement by 
thermal agitation within each “disordered group”’ by a shear 
process involving only a few atoms as units of flow. This 
model and slip mechanism are consistent with experimental 
facts and furnish a unified viewpoint as to the mechanism of 
the viscous intercrystalline slip, the volume diffusion in 
metals, and the constant-rate creep of metal crystals under 
small stress. Grain-boundary viscosity is lower in a specimen 
subjected to a heavier deformation prior to its recrystalliza- 
tion. A very small amount of impurities can block partially 
or completely oo grain-boundary slip in aluminium, iron, and 
copper.-——R. A. 

A Theory of ‘Strength of Metals Based on Their Structures. 
N. K. Spitko. (Journal of Technical Physics, U.S.S.R., 
1948, vol. 18, June, pp. 857-862 [in Russian]: [Abstract] 
Metals Review, 1949, vol. 22, Jan., p. 25). The author 
assumes that the deformation of polycrystals proceeds by 
deformation of the individual grains. On this basis, a 
method for averaging of yield points is proposed and validated 
experimentally for three types of alpha iron, for copper, and 
for zinc. The influence of the structural state of the material 
is noted. 

Anisotropic Plastic Flow. Fisher. (Transactions of 
the American Society of Mec en al Engineers, 1949, vol. 71, 
May, pp. 349-356). The mathematical theory of plasticity 
is generalized to apply to plastically anisotropic materials. 
The anisotropic flow theory is shown to reduce to the resolved 
shear-stress/shear-strain relationship for single crystals, and 
to the distortion energy theory for isotropic polycrystals. 
Experimental data concerning the plastie flow of anisotropic 
polyerystalline aluminium indicate that the predictions of the 
anisotropic flow theory are in good agreement with experiment, 
and are significantly better than the predictions of the dis- 
tortion energy theory. As plastic anisotropy is the rule 
rather than the exception, caution is indicated in interpreting 
the results of combined stress tests by means of the distortion 
energy theory. 

Different Mechanisms of Plasticity in Metallic Alloys. 
A. A. Bochvar. (Bulletin de lAcadémie des Sciences, 
U.R.S.S8., Classe des Sciences Techniques, 1948, May, pp. 649- 
653 [in Russian] : [Abstract] Metals Review, 1949, vol. 2 
Jan., p. 25). A om: approach is outlined for the pea bie i 
of the mechanism of plasticity of alloys at high temperatures ; 
it emphasizes the predominant influence of the character of 
the interaction of the existing phases of the heterogeneous 
system. 


Theory of Elastic-Plastic Deformation and Its Applications. 


A. A. Ilyushin. (Bulletin de lAcadémie des Sciences, 
U.R.S.S., Classe des Sciences Techniques, 1948, June, 
pp. 769-788 [in Russian]: [Abstract] Metals Review, 1949, 


vol. 22, Jan., p. 25). On the basis of theoretical analysis, a 
very general mathematical expression covering all known and 
several not yet fully investigated theories of solid bodies under 
deformation is proposed. Its practical application to various 
states of stress is described. 

Plasticity of Steel during Deformation under Tension and 
Torsion. M. V. Vakutovies and F. P. Rybalko. (Comptes 
Rendus (Doklady) de l’Académie des Sciences, U.R.S.S., 
1948, vol. 61, July 11, pp. 279-280 [in Russian]: [Abstract] 
Metals Review, 1948, vol. 21, Dec., p. 8). It is shown that the 
plasticity of polycrystalline materials depends to a great 
extent on the type of test. Maximum slip under tension is 
much greater than that under torsion. This fact is believed 
to be due to irregularities in distribution of deformations 
along the cylindrical test specimens. 

Apparatus for the Determination of the Temperature 
Variations of the Modulus of Elasticity by the Vibration 
Method. V. A. Zhuravlev. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Apr., pp. 460-463). [In Russian]. An account 
is given of a vibration method for the determination of the 
modulus of elasticity at various temperatures. The specimen 
is caused to vibrate inside an electric resistance furnace at 
audible frequencies by electromagnetic excitation. The 
specimens used were either rectangular or cylindrical, the 
former being 100 mm. long, 0-5-3 mm. thick and 10-15 mm. 
wide, and the latter being 250-400 mm. long and 6-13 mm. 
in dia. The equations for calculating the modulus of elas- 
ticity and its temperature coefficient from the experimental 
data are given and shown to be theoretically valid.—s. x. 

A 30-Ton Universal Testing Machine. (Engineer, 1949, 


vol. 187, May 13, pp. 533-535). An illustrated description is 
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given of a 30-ton universal testing machine designed and 
built by W. and T. Avery, Ltd., for the Royal Aircraft 
Establishment, Farnborough, for investigating the properties 
of special high-tensile steels in tubular and flat form over a 
very wide range.—R. A. R. 

Investigation of the Tensile Test Diagram and Determination 
of the Yield Point by a Magnetic Method. M. V. Dekhtyar. 
(Journal of Technical Physics, U.S.8S.R., 1947, vol. 17, Oct., 
pp. 1111-1118: Electrical Engineering Abstracts, 1949, 
vol. 52, Apr., p. 121). The tensile test diagrams of ferro- 
magnetics are investigated for the simultaneous changes of 
the magnetic permeability. The method permits a deter- 
mination of the stress at the commencement of yielding of 
individual grains (elastic limit) and of the yield point itself. 
The individual stages of the deformation process are dis- 
tinguishable only when a distinct texture of the elementary 
magnetic moments (spins) is formed, as happens during the 
continuous commutation of a constant (external) magnetic 
field, or when an alternating magnetic field is applied during 
the tensile test. 

Determination of Fracture Strength of Metals. V. 5S. 
Smirnov. (Zavodskaya Laboratoriya, 1948, vol. 14, pp. 326- 
330 [in Russian]: Chemical Abstracts, 1949, vol. 43, Mar. 10, 
col. 1697). Cylindrical specimens of steel and aluminium 
were rolled with the axis of the specimen parallel to the axis 
of the rolls, either at room or elevated temperatures. A 
uniform reduction (e.g., 0-1 mm.) was applied in each pass. 
After several passes the specimens fractured near the centre 
owing to tensile stresses developed within by the rolling 
operation. The percentage reduction in diameter at time of 
fracture was a measure of the brittleness of the material. 
When the specimen had a 3: 1 ratio of length to diameter, 
tensile stresses were equal in all directions and plastic 
deformation was avoided. 

Determination of Young’s Modulus‘and the Shear Modulus 
of Certain Steels at 20° to 600° C. by an Electronic Technique. 
M. M. Pisarevskii. (Kotloturbostroenie, 1948, May-June, 
pp. 24-26 [in Russian]: [Abstract] Metals Review, 1948, 
vol. 21, Dec., p. 24). This is a new method using a sound 
generator and an audio-frequency amplifier. Dependencies 
of Young’s modulus of shear, and Poisson’s coefficient for a 
series of steels used in boiler manufacture are given. 

Investigation of the Stress-Strain Diagram, at Low 
Temperatures. E. M. Shevandin. (Zavodskaya Labora- 
toriya, 1947, vol. 13, pp. 858-870 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Feb. 25, col. 1301). Stress-strain 
diagrams were determined at temperatures between 20° 
and —-196° for (1) steel containing 0-12°, carbon (a) nor- 
malized at 920° and tempered at 600°, and (b) annealed at 
1200°; (2) steel containing 0-2% carbon, (a) annealed at 
950° and (b) annealed at 1200°; (3) steel containing 0-4°%, 
carbon (a) normalized at 870° and tempered at 600°, and 
(6) annealed at 1050°; (4) 5°, nickel steel in as-rolled con- 
dition; and (5) copper annealed at 650°. As the testing 
temperature was lowered, the yield point and the stress at a 
given strain increased sharply. When true unit stress was 
plotted against deformation, the locus of the points corres- 
ponding to the ultimate strength formed a “‘ cap ”’ composed 
of three parts, representing areas of ductile, semi-brittle, and 
brittle fracture. 

The Form of the Indicated Elongation Curve with Dynamic 
Action of Forces. P. G. Kirillov. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Apr., pp. 466-468). [In Russian]. 
Load-extension diagrams obtained by examination of the 
pattern traced by an oscillating spot of light on a light- 
sensitive surface attached to the moving part of the dynamic 
testing machine are discussed.—s. K. 

Detection of Residual Tensile Stresses in Quenched Steel. 
D. M. Nakhimoy. (Zavodskaya Laboratoriya, 1947, vol. 13, 
pp. 825-832 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
Jan. 25, col. 536). Annular specimens were prepared from 
quenched and tempered steels (49-51 parce C) aa 
(I) 0-29% C, 1-29% Ni, 2-51% Cr, 0-53% Mo, 0-32% 
0-41% Mn, 0-008% s and trace P; (II) 0: $39, C, 1- -39% Ni 
2-8% Cr, 0°49% Mo, 0-38% Si, 0-57% Mn, 0-01% S, and 
0-008% P., The specimens, 91 mm. inside dia., 105 mm. 
outside and 10 mm. thick, were cut on one side and a wedge 
inserted to produce the desired stress. The stressed speci- 
mens were then placed in 0-1—20% sulphuric acid at room 
temperature until fracture occurred. For steel II the time 
required for fracturing varied from an average of 22 min. 
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at 85 kg./sq. mm. to 20 hr. at 40 kg./sq. mm. At 30 kg./ 
sq. mm. the specimens did not fracture within 4 days. The 
acid concentration had little effect on time required for 
fracturing. Steel I required 4—60 times as long to fracture as 
steel II. When exposed to air containing 0-005 g./l. sulphur 
dioxide, a specimen of steel II stressed to 85-9 kg./sq. mm. 
broke in 20 min. The extent of residual surface stresses in 
quenched steels was determined by panera specimens in 
dilute sulphuric acid. 

Determination of the Yield Point of Sigt-Chreasians Stainless 
Steels by Indentation with a Cone. M. F. Sichikov, 
B. P. Zakharov, and Yu. V. Kozlova. (Zavodskaya Labora. 
toriya, 1947, vol. 13, pp. 854-858 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Jan. 25, col. 539). The yield point 
of two types of high-chromium stainless steels was determined 
in the annealed and the quenched and tempered (500-800°) 
states by measuring the deformation produced by a Rockwell 
machine with (a) a 100-kg. load on a steel cone with a 90° 
angle, and (b) a 150-kg. load on a diamond cone with a 
120° angle. The results from the steel cone differed from the 
rupture test by —9-3% to + 7:5%, while the diamond cone 
values differed by —10-1% to + 12:0%. 

Methods of Testing the Strength of Steel Wire. N. Ludwig. 
(Archiv fiir Metallkunde, 1949, vol. 3, Feb., pp. 49-66). 
Equipment and methods for making tensile, impact, torsional, 
bending, and twisting tests on steel wire are described and 
critically reviewed.—R. A. R. 

The Effect of the Strain Rate on the Tensile Strength and 
Elongation of Austenitic Steels. W. Puzicha and A. Krisch. 
(Max-Planck-Institut fiir Eisenforschung: Zeitschrift fiir 
Metallkunde, 1949, vol. 40, Mar., pp. 93-98). Three 
chromium —nickel and three chromium-—manganese austenitic 
steels were subjected to tensile tests at strain rates of from 
0-4% to 150%/min. Contrary to the case of carbon steels, 
the tensile strength increased with decreasing rates of strain, 
whilst the elongation increased. This behaviour is due 
chiefly to the transformation of the austenite caused by the 
cold deformation. The degree of the inerease in strength is 
the greater the less the stability of the austenite.—R. A. R. 

On the Development of a Small Notched Impact Test 
Specimen. N. Ludwig. (Archiv fiir das Eisenhiittenwesen, 
1949, vol. 20, Jan.-Feb., pp. 27-29). Impact data on 
specimens of killed and rimming 0-1% carbon steel tested 
at temperatures in the — 80° to + 200°C. range using 
specimens 6 by 6 by 44 mm. with a notch 2 mm. deep, and 
10 by 10 by 55 mm. with a 3-mm. notch are compared. 
The similarity of the impact-strength/temperature curves for 
the two sizes of specimen was satisfactory.—R. A. R. 

The Relationship of the Notched Bar Impact Strength 
when Using Different Shapes of Specimen. ©. Bihlmaier. 
(Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.—Feb., 
pp. 31-35). Impact tests were carried out using large 
notched specimens (Charpy 30 by 30 by 160 mm. and VGB 
30 by 15 by 160 mm.), and small notched specimens (DVM, 
ISA, and Mesnager 10 by 10 by 55 mm.) the latter being cut 
from the fractured pieces obtained from the former specimens. 
Curves were constructed to show the relationship between the 
impact values for the large and small specimens and con- 
version factors were calculated. In the case of Charpy 
specimens and results of tests on small specimens cut from 
them, these factors were valid only over a range of medium 
impact values, whereas in the case of VGB specimens and 
small ones cut from them the factors were valid over a much 
larger range. For very tough steels the conversion values in 
both cases were unsatisfactory.—R. A. R. 

Effect of Notch Shape and Machining on the Impact 
Toughness of Steel in the Cold State. W. Reinecker. (Archiv 
fiir das Kisenhiittenwesen, 1949, vol. 20, Jan.—Feb., pp. 37-39). 
Impact tests were carried out at five temperatures in the 
— 40° to + 20°C. range on five low-alloy steels (two 
chromium-—vanadium, and one each chromium -nickel- 
molybdenum, chromium-nickel--vanadium, and manganese- 
silicon) using specimens with four kinds of notch of different 
severity as well as smooth specimens. The effect of notch 
radius and surface condition was greater than that of the 
temperature and composition at all the temperatures of 
testing. The reduction in impact strength with falling 
temperature decreased with increasing notch radius.—R. A. R. 

Notch Sensitivity of Steel Evaluated by Tear Test. N. A. 
Kahn and E. A. Imbembo. (Welding Journal, 1949, vol. 28, 
Apr., pp. 153s-166s). The U.S. Navy Dept. tear test 
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described in previous papers (see Journ. I. and S.I., 1948, 
vol. 159, Aug., p. 445) has been applied to a number of carbon 
steels (Cr about 0-20%, Mn 0-52-0-78°%,), high-tensile 
steels, (Cr about 0-20%, Mn about 1-2°%) and high-yield- 
point steels (C about 0: 20%, Mn 0-25%, Ni 2-3-2-6% 
Cr about 1-5°%). It is concluded that this test is capable of 
determining the transition temperature of such steels, the 
same temperature being indicated whether the energy to 
propagate tearing, or the percentage of shear in the fracture 
be used to evaluate the transition.—1s. P. s. 

The Dependence of the Energy for Breaking Composite 
Specimens on the Number of Plates Forming Them. 
G. I. Pogodin-Alekseev. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Mar., pp. 345-351). [In Russian}. Breaking- 
energy experiments on specimens built up of different 
numbers of their superimposed plates of constructional or 
axle steel are described. Among the conclusions drawn were 
the following : Increases in the number of plates resulted in 
enhanced breaking energy and plastic properties when the 
stress was applied normally to the plate planes; the use of 
plates of materials with different hardness for composite 
specimens can result in improved performance under impact 
loads applied normally to the plate planes; composite 
specimens have no appreciable advantages over homo- 
geneous specimens when the stress is applied in a direction 
parallel to the plate planes; with sufficiently hard plates, 
the weak spot in a composite specimen is the surface plate 
on the side in tension, while with thin plates it is on the side 
in compression.—s. K. 

Internal Stresses in Worked Metals. G. B. Greenough. (Meta! 
Treatment and Drop Forging, 1949, vol. 16, Spring Issue, pp. 
58-63). Measurement of X-ray diffraction lines during the 
cyclic loading of a low-carbon steel has shown that, after plastic 
deformation, a residual lattice strain persists which is due to 
intergranular stresses in the crystals. These arise from the 
variation of yield tension with the orientation of the grains. 
The author concludes that it will now be possible to correlate 
the intergranular stresses with macroscopic phenomena, such 
as the Bauschinger effect and the after-effects of creep. 

J.P. 8. 

Can Castings be Engineered? F. G. Tatnall. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 56, 
pp. 452-457). The principles of the electric strain gauge are 
explained and many examples of its use described. It is 
shown how castings with several resistance gauges attached 
can be placed in testing machines with a view to determining 
where more or less metal is required to suit the distribution 
of stress.—R. A. R. 

Can a Metal Melt Temporarily during Plastic Deformation ? 
G. Masing. (Zeitschrift fiir Metallkunde, 1949, vol. 40, 
Mar., pp. 89-93). The theory that a solid metal surrounded 
by a semi-permeable wall and under a pressure P can be in 
equilibrium with a melt at another pressure P, and has its 
melting point considerably reduced by the pressure P is 
thermodynamically correct, but it is not applicable to plastic 
deformation. If one considers the equilibrium of a solid 
body with its melt under the influence of a universal stress X, 
there is a slight reduction (never exceeding about 10° C.) in 
the melting point ; as this case corresponds to the condition 
of plastic deformation, it is thought (in agreement with 

Tamman) that there is no appreciable fall in temperature 
during plastic deformation. Temporary melting could only 
occur if Se friction caused local heating up to the melting 
point.—Rr. 

Contribution ‘to the Study of the Influence of Non-Metallic 
Inclusions on the Quality of Steels. F. Eugéne. (Société 
Francaise de Métallurgie, Oct. 18, 1948: Revue de Métal- 
lurgie, Mémoires, 1949, vol. 46, Apr., pp. 193-209). To reveal 
the presence of non-metallic inclusions the author used 
Frémont’s reagent (iodine, 10 g.; potassium iodide, 20 g. ; 
water, 100 g.), and in the first chapter he describes experi- 
ments made to find out what the reagent would show up ; 
he describes the appearances of attacked surfaces and observed 
that, provided that the prior polishing had been well done, 
the local corrosion pits were characteristic of the presence of 
inclusions. The author next describes the application of 
macro-etching with this reagent to the checking of rough 
pieces after casting and rolling, and records the intensity and 
distribution of the inclusions so observed. The third chapter 
deals with the influence of inclusions on the properties of 
steel, i.e., the tendency to develop quenching cracks, the 
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effect of inclusion threads on the notched-bar impact test 
and on the “ transverse ”’ tensile test—and the fourth c hapter 
presents a statistical study of the relations between the purity 
of a steel and its mechanical properties. The author con- 
cludes that the Frémont reagent is the most satisfactory 
etching reagent to reveal non-metallics in ordinary or alloy 
steels ; it sets up corrosion round the inclusions, which may 
ultimately become detached, whereupon the local corrosion 
slows up. Inclusions in general, and particularly those that 
have been elongated by rolling, favour the formation of 
quenching cracks. Inclusions in a rolled steel have a con- 
siderable adverse effect on the ‘“ transverse” resilience. 
The presence of numerous inclusions is shown by a higher 
temperature at which cold-brittleness appears. In the 
‘*‘ transverse ”’ tensile test the fracture starts at inclusions ; 
the latter appear to have no effect on the elastic limit and 
tensile strength (as usually measured), but they do reduce 
clearly the elongation, reduction of area and tensile strength 
calculated on the reduced section.—a. E. C. 

Investigation of Rate Coefficient in Different Types of States 
of Stress. L. D. Sokolov. (Journal of Technical Physics, 
U.S.S.R., 1948, vol. 18, May, pp. 687-696 [in Russian] : 
[Abstract] Metals Review, 1949, vol. 22, Jan., p. 25). It is 
established, on the basis of experiments on compressing, 
stretching, rolling, drawing, pressing, and shearing, with dif- 
ferent rates of deformation, that the dependence between the 
produced stresses and rates is the same for all these types of 
metal treatment, under the conditions of true equivalenc e of 
stresses to deformation. Data are presented for lead, two 
steels, and aluminium. 

The Optical Equations of Three-Dimensional Photo- 
elasticity. KR. D. Mindlin and L. E. Goodman. (Journal of 
Applied Physics, 1949, vol. 20, Jan., pp. 69-95). In this 
paper the passage from Maxwell’s dynamical to Neumann’s 
kinematical equations of three-dimensional photoelasticity is 
executed and the nature and order of magnitude of the 
necessary approximations are disclosed. During the passage 
there are discovered a pair of equations, of relatively simple 
form, which open the way to a variety of new solutions in 
closed form and reveal the essential parameter upon which the 
optical phenomena depend.—R. A. R. 

The Fatigue of Metals. M. Ros. (Eidgendssische Material- 
priifungs- und Versuchsanstalt fiir Industrie, Bauwesen und 
Gewerbe, 1947, Report No. 160). The character, mechanism, 
and causes of rupture by fatigue are discussed.—Rr. A. R. 

Machine for Fatigue-Testing at High a 
M. L. Bernshtein. (Zavodskaya Laboratoriya, 1949, vol. 1 
Apr., pp. 497-500). [In Russian]. The construction sed 
operation of a fatigue-testing machine, in which two speci- 
mens are tested simultaneously, are described. The specimens 
are rotated under cantilever load at 3000 r.p.m., the fracture 
of a specimen automatically stopping the revolution counter, 
while the rotation of the surviving specimen continues. The 
specimens are tested inside an electrical resistance furnace, 
specially wound to maintain a temperature difference of less 
than + 3° C. along their length, and the temperatures of the 
specimens are measured indirectly. The fatigue limits of a 
number of different types of steel, determined by this method, 
agreed well with the corresponding results by other methods. 

sx, 

Unalloyed Structural Steel St 52 Quenched from the Heat 
of Rolling. F.Nehl. (Stahl und Eisen, 1949, vol. 69, Mar. 17, 
pp. 186-194). Investigations were undertaken to determine 
whether a steel with the properties of steel St 52 (elastic 
limit 34 kg./sq. mm. min. and tensile strength 52-62 kg. 
sq. mm.) could be made by quenching rolled 0-20°%, carbon 
steel direct from the rolling temperature. The weldability 
and fatigue strength of rolled sections and plates quenched in 
this way were also studied. This heat-treatment was suc- 
cessful and could be introduced into rolling-mill operations 
without interfering with production programmes. Sub- 
sequent local heating, such as that for arc-welding, riveting, 
and local straightening, could be performed ; the process was 
not suitable, however, if large areas were to be brought to a 
red heat for any subsequent deformation. The fatigue 
strength of welded girders of this steel was equal to that of 
girders of alloy steel St 52. Mechanical equipment for 
quenching large plates from the heat of rolling is described. 

R. A. R. 

Estimation of the Cold Brittleness of Thin Sheet Iron by the 

Reversed Bend Test. J. H. Palm. (Metalen, 1949, vol. 3, 
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Mar., pp. 141-148). [In Dutch]. The tendency to brittle 
fracture of thin (3 mm. and less) low-carbon steel sheets and 
the effect of a tempering treatment were investigated. In 
the initial condition specimens from one steel gave a brittle 
fracture after some reversals of bending whilst those from 
another steel fractured in shear; when specimens of the 
latter were bent 90° and then 180° in the opposite direction 
and then held for 15 min. at 250° C., subsequent bending 
cycles produced brittle fracture.—Rr. A. R. 

Strength Tests on Railway Wagon Axles as a Basis for their 
Design. E. Sperling. (Zeitschrift des Vereines deutscher 
Ingenieure, 1949, vol. 91, Mar. 15, pp. 134-136). The method 
developed by the German State Railways for measuring 
the forces acting on the wheel seat of a railway wagon axle is 
described and fatigue test data on axles and the effect of the 
radius of the transition from wheel seat to axle is shown. <A 
simplified calculation for the design of wheel seats is explained. 

Shot Peening for Longer Life. L.J.Wieschhaus. (Modern 
Machine Shop, 1948, vol. 21, No. 4, pp. 112-130: Metal- 
lurgical Abstracts, 1949, vol. 16, Feb., p. 370). The author 
discusses briefly fatigue strength and its improvement by 
shot-peening of steels and aluminium alloys. Shot-peening 
methods and machines are dealt with. 

Stress-Peening. J. ©. Straub and D. May, jun. (Iron 
Age, 1949, vol. 163, Apr. 21, pp. 66-70). Stress peening 
consists of shot-peening an article, e.g., a spring, while it is 
statistically stressed in the same sense as the service stresses ; 
the release of the external stress adds residual stresses to 
those given by shot-peening. Tables show considerable 
increases in fatigue strength in bending, up to seven times the 
number of cycles to failure for conventionally peened speci- 
mens being withstood.—,J. P. s. 

Flexural Fatigue Strength of Steel Beams. W. M. Wilson. 
(University of Illinois, 1948, Engineering Experiment 
Station Bulletin Series No. 377). The bending fatigue 
strength of steel beams as-rolled and with full-length and 
partial-length cover plates welded or riveted on was investi- 
gated. The abrupt change of section at the ends of partial- 
length cover plates caused a very great reduction in fatigue 
strength. Beams fabricated from plate material by continu- 
ous welds had a much lower fatigue strength than rolled 
beams.—R. A. R. 

Concerning the Table Relating to the Poldi Apparatus. 
V. N. Kondratev. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Apr., pp. 472-473). [In Russian]. The calculation of 
results using the tables provided with the Poldi hardness 
tester is shown to give, in some cases, errors of 20° .—s. K. 

Gray Iron Hardenability and its Relation to Air Quenching 
of Castings. R.A. Flinn and R.J.Ely. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 508-517). 
See Journ. I. and §.1., 1949, col. 161, Jan., p. 73. 

Production Hardness Testing in a Malleable Shop. 
C. Schneider and L. Ulsenheimer. (Transactions of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 580-585). 
See Journ. I. and 8.1., 1949, vol. 161, Jan., p. 72. 

A Guide to Tool Steel Selection. H. Chambers. (Tool 
Engineer, 1948, vol. 21, Nov., pp. 18-19). Compositions and 
hardnesses of various tool steels are given. 

Change of Electrical Resistance during the Strain Ageing 
of Iron. A. H. Cottrell and A. T. Churchman. (Journal of 
The Iron and Steel Institute, 1949, vol. 162, July, pp. 271- 
276). It has been suggested recently that the yield point and 
strain ageing of g-iron are due to the migration of carbon 
and nitrogen atoms to dislocations. One consequence of the 
theory is that the electrical resistance should decrease by a 
small and rougly predictable amount on strain ageing. This 
effect is examined experimentally on soft iron wire and is 
shown to exist. The rate of change of the resistance is 
increased by increasing the temperature of ageing, corres- 
ponding to an activation energy of 16,000—22,000 cal./mol. 
This agrees with the view that the change is caused by the 
migration of carbon and nitrogen, since the activation energy 
for the diffusion of these elements in q-iron is about 
20,000 cal./mol. The magnitude of the resistance change, 
approximately 0-2%, is increased by increasing the amount 
of cold work. Further working and ageing cause the change 
to be repeated. These effects are shown to be consistent 
with the dislocation theory and can be used to estimate the 
density of dislocations in cold-worked iron. 

The Disappearance of the Age-Hardening of Iron—Carbon 
Alloys. W. Geller and H. Kuntze. (Zeitschrift fiir Metall- 
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kunde, 1949, vol. 40, Jan., pp. 16-24). The age-hardening 
of two similar steels (C 0-043% and 0-040%) with and 
without short tempering treatments was studied. Without 
tempering, the hardness increased rapidly during the first 
week and then much more slowly with increasing time. 
Tempering at 100° C. for 40 sec. to 5 min. after 7 days’ ageing 
at room temperature caused only a very slight reduction in 
the hardness, and the final hardness after 5 weeks’ ageing was 
practically unaffected. Tempering at 120°C. for 20 see. 
to 5 min. after 7 days’ ageing caused a marked fall of 2 to 5 
Rockwell units, whilst 10 to 30 min. tempering caused an 
increase in hardness owing to precipitation phenomena, 
Tempering at 180° and 200° C. for 10 sec. caused the previous 
age-hardening to disappear entirely but temporarily. The 
results of further tempering at temperatures up to 400° C, 
are given and confirm earlier work by H. Borchers and 
K. Frotzler that age-hardening can be made to disappear by 
short tempering treatments, and that prolonging the ageing 
before temperature made the steel more resistant to the 
tempering. The initial ageing is regarded as a period of 
nuclei formation for the precipitation of Fe,C.—Rr. A. R. 

New Facts on the Straightening of Welded Aircraft Structures. 
A. Y. Brodsky. (Avtogennoe Delo, 1947, No. 8, pp. 14-19: 
[Abridged Translation] Engineers’ Digest, 1949, vol. 10, 
May, pp. 165-167). The author studies the effect of heating, 
effect of temperature during straightening by local heating, 
efficiency of straightening in a rigid clamping device and the 
effect of ageing at high temperatures on the properties of 
steel rods and tubes.—R. F. F. 

Temper-Brittleness. A. Michel. (Technique et Science 
Aéronautiques, 1948, No. 4, pp. 189-195). The effects of 
heating a steel in the blue-brittle range on its mechanical 
properties are reviewed. There are 11 references.—R. F. F. 

Testing Materials for Resistance to Wear. E. N. Maslov. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Apr., pp. 464-465). 
{In Russian]. A method is described for testing the wear, 
under reproducible conditions, of pairs of materials in 
frictional contact. Results for various steel-bronze pairs are 
given.—s. K 

Present-Day Research in Physics. The Technical Mag- 
netization Curve. W. Gerlach. (Zeitschrift des Vereines 
deutscher Ingenieure, 1949, vol. 91, Mar. 15, pp. 127-133). 
The following aspects of magnetization are discussed : 
(a) Technical magnetization, ¢.e., the conditions and phen- 
omena, arising from spontaneous magnetization from an 
external magnetic field, which do not affect the magnitude of 
the magnetization ; (b) the direction of spontaneous magnet- 
ization dependent on stress; (c) the 180° processes and 
Barkhausen and Sixtus-Tonks effects; (d) analysis of mag- 
netic orientation and the Matteucci effect ; (e) analysis of 
technical magnetization processes by electrical resistance ; 
(f) hysteresis heat ; and (g) the practical importance of these 
factors.—R. A. R. 

The Relation between Magnetic Dispersion and Surface 
Inhomogeneity of Ferromagnetics. I. M. Kirko. (Comptes 
Rendus (Doklady) de l’Académie des Sciences, U.R.S.5., 
1948, vol. 59, No. 2, pp. 227-230: Physics Abstracts, 1949, 
vol. 52, Mar., p. 137). 

Report on the Properties of the Technically Important 
Permanent Magnet Alloys of the System Fe-Ni-Al with 
Additions of Ti and Co. W. Zumbusch. (Zeitschrift fiir 
Augewandte Physik, 1948, vol. 1, Mar., pp. 98-104: 
Electrical Engineering Abstracts, 1949, vol. 52, Apr., p. 136). 
This report describes the production and properties of a large 
number of alloys of the system iron-nickel-aluminium with 
titanium and cobalt, produced in an attempt to make sintered 
magnets with the same properties as cast magnets. The 
possibility of sintering complete magnetic circuits, with pole 
pieces, etc., is mentioned. 

On the Statistical Thermodynamics of Order-Disorder 
Transformations in Crystalline Media. J. Yvon. (Cahiers 
Physiques, 1948, No. 31/32, pp. 12-23: Metallurgical 
Abstracts, 1949, vol. 16, Mar., p. 389). In assessing ferro- 
magnetism, it is not of value to reduce Bethe’s approxi- 
mations, because the differences between experimental 
results and Bethe’s Laws are much greater than the errors 
due to his approximations. 

Progress of Electronic Inspection. (Chemical Age, 1948, 
vol. 58, No. 1488, p. 115« Metallurgical Abstracts, 1949, 
vol. 16, Mar., p. 426). A multi-purpose electronic instru- 
ment for sorting metals according to composition or heat- 
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treatment, for measuring plating thickness, and for detecting 
flaws, is described. 

The Use of the Electron Mirror for Depicting the Variations 
of Surface Potential of Metals and Semi-Conductors. 
R. Orthuber. (Zeitschrift fiir angewandte Physik, 1948, vol. 
1, Mar., pp. 79-89: Electrical Engineering Abstracts, 1949, 
vol. 52, Apr., p. 143). 

Magnetic and Induction Non-Destructive Testing of Metals. 
I. R. Robinson. (Metal Treatment and Drop Forging, 1949, vol. 
16, Spring Issue, pp. 12-24). The author first discusses the 
theory of the generation and detection of eddy currents and 
their use for the location of flaws in bar stock wire, plate, etc. He 
describes a number of circuits used for this purpose. He then 
passes on to magnetic powder methods of crack detection, 
describing methods of producing the high flux required, and 
of applying the magnetic powder in wet or dry form. These 
methods, he considers, are the more suitable for the general 
detection of flaws and cracks, Oe cially in objects of irregular 
form. A bibliography of 83 references is appended.—J. P. s. 

Study of the Anomalies of Reflection and Transmission 
that Occur during the Supersonic Examination of Metals. 


P. Bastien, J. Bleton and E. de Kerversau. (Société 
Francaise de Métallurgie, Oct. 18, 1948: Revue de Métal- 
lurgie, Mémoires, 1949, vol. 46, May, pp. 277-286). When 


metallic pieces with coarse structures are examined by 
supersonic testing with wavelengths of some millimetres 
anomalous results may be obtained if the matrix contains a 
structural element the average dimension of which is equal 
to or a multiple of half the testing wavelength used ;_ this 
element may be a crystal of the metal (copper, iron) or solid 
solution (austenite) in homogeneous materials, or the complex 
structure delineated by the envelope of pro-eutectoid ferrite, 
a vestige of the y-grain at high temperature, in ordinary 
steels or low-alloy steels cooled slowly. Under conditions 
of reflection these anomalies can be distinguished from 
possible defects (fissures, flakes) by the absence of the 
base echo of the whole of the coarse-grained volume and 
particularly by their great mobility when the probe heads are 
moved very slightly. The presence of such anomalies 
demands great prudence in the use of direct transmission ; 
with coarse-grained metal the absorption of supersonic waves 
observed might have no relation to the presence of serious 
defects. These anomalies are attributed to the resonance 
of the crystalline structures with the incident waves, they 
themselves then becoming elementary sources of vibrations. 
If the structure can be refined by heat-treatment, this will 
eliminate the anomalies also. Damping capacity of the 
metal can influence the features observed. [An abridged 
translation of this paper appeared in Iron and Coal Trades 
Review, 1949, vol. 158, May 6, pp. 959-964].—a. E. c. 

Reviews of Certain Aspects of Metal Physics. Part I— 
X-Ray Work in Some Fields of Research on Metals and 
Alloys, 1989 to 1946. Audrey M. B. Douglas. (Journal of 
The Iron and Steel Institute, 1949, vol. 162, July, pp. 300- 
315). This review covers the following subjects: (a) Crystal 
structure determination of elements, alloys with hydrogen, 
carbon, and nitrogen, and intermetallic phases; (b) lattice 
parameter determination; (c) phase diagrams of binary, 
ternary, and quaternary systems; (d) transformations in 
alloys, including age-hardening, dissociation in copper-iron— 
nickel alloys, phase-change mechanisms, and decomposition 
of copper-manganese alloys; (e) growth, deformation, and 
recrystallization textures in metals; (f) new techniques and 
apparatus, including cameras, X-ray tubes, Geiger counters, 
monochromators, low-angle scattering measurements, study 
of diffuse reflections, micro-radiography, study of surface 
perfection, accuracy of lattice parameter determinations, 
and the ‘ bubble’ model for metals. Brief reference is also 
made to neutron diffraction. 

Reviews of Certain Aspects of Metal Physics. Part I— 
Thermal Conductivities of Molten Metals and Alloys. 
R. W. Powell. (Journal of The Iron and Steel Institute, 
1949, vol. 162, July, pp. 315-324). Available data for the 
thermal conductivities of molten metals and alloys are 
presented graphically and in tabular form. These values 
are discussed from several theoretical aspects, including that 
involving their relations with the electrical conductivities of 
the molten metals. This examination leads to estimates 
being made giving approximate values for the thermal 
conductivities of other molten metals not yet tested experi- 
mentally. It appears that a very definite need exists on 
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both practical and theoretical grounds for further experiment 
to be conducted in this field. Data on the atomic heats of 
molten metals are included as an Appendix. 

On the X-Ray Measurement of Principal Stresses by the 
Notching Method. S. O. Tsobkallo and D. M. Vasilev. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Apr., pp. 468-470). 
[In Russian]. A discussion is presented of the methods of 
determining the main stresses, in which notches are cut in the 
specimen, the portion bounded by the notches being subjected 
to X-ray examination. Three cases are considered: (1) The 
un-notched specimen ; (2) the region situated between two 
parallel notches ; and (3) the region completely enclosed by 
two pairs of parallel notches. For each of the last two cases 
two sets of equations for calculating the main stresses are 
compared, the corresponding relative differences between the 
results obtained by the use of each set being given.-—s. K. 

The Spheres of Application of X-Ray and Gamma-Ray 
Radiography. E. A. W. Miiller. (Zeitschrift des Vereines 
deutscher Ingenieure, 1949, vol. 91, Apr. 15, pp. 173-176). 
Very extensive developments in the industrial use of X-rays 
and gamma-rays have taken place under the stimulation of 
war-time requirements. These are reviewed in five tables 
covering welding, castings, electrical and metallurgical 
industries, and other industries. There is also a bibliography 
with 186 references covering the period 1939-1948.—R. A. R. 

A New Laboratory for the Radiography of Cast Blades. 
(Metallurgia, 1949, vol. 39, Mar., pp. 245-246). Armstrong- 
Siddeley Motors have recently set up a new radiographic 
laboratory to control the manufacture of gas-turbine blades 
made of heat-resisting alloys by the lost-wave process. The 
equipment, which includes a Siemens-Schuckert Type Cl set 
rated at 220 kVp. and 15 mA., is described. “ A. R. 

Machine for Creep-Testing up to 800°C. M. P. Markovets, 
T. N. Stasiuk and N. N. Kolupaev. (Zavods i Labora- 
toriya, 1949, vol. 15, Apr., pp. 500-502). [In Russian]. 
A machine is described, which, while simple and easily 
maintained, enables specimens to be tested for tensile strength, 
for creep, and for rapid extension to the yield point with the 
determination of the proportional limit, the yield point, and 
the modulus of normal elasticity by the static method. 
The maximum operating temperature of the machine is 
800° C., the automatic regulation being within + 2° C. 

The effective length and diameter of the specimen are 100 mm. 
and 10 mm., respectively, the maximum load being 5000 kg. 
S. K. 

Mechanism of Creep in Metals. G. R. Wilms and 
W. A. Wood. (Journal of the Institute of Metals, 1949, 
vol. 75, pp. 693-706). It is shown how the mechanism by 
which a metal deforms at elevated temperature differs from 
that operating at normal temperature, and how the difference 
depends on the rate at which the deformation takes place. 
At normal temperature deformation occurs mainly by the 
familiar mechanism of slip and the breakdown of the grains 
to crystallites of sub-microscopie size. As the temperature 
is raised, and the rate of deformation diminished, this mechan- 
ism is increasingly replaced by one in which the grains 
dissociate into comparatively coarse units and permit flow 
by the relative movements of these units within the parent 
grains. The units, which are termed “ cells,’’ can be observed 
and measured. They are considered to be responsible for 
the continuous deformation under stress which characterizes 
the phenomenon of creep. 

Bending of Beams with Creep. E. P. Popov. (Journal of 
Applied Physics, 1949, vol. 20, Mar., pp. 251-257). A 
method of calculating the stresses and deflections for beams 
the material of which creeps is explained. . A. R. 

Thermal Stresses in Turbine Blades. M. Lighthill and 
F. J. Bradshaw. (Philosophical Magazine, 1949, vol. 40, 
series 7, July, pp. 770-780). A theory of thermal stress in 
turbine blades is developed, on the assumption that at each 
point of the blade plan-form the stresses are approximately 
those that would be set up in a free infinite slab of uniform 
thickness equal to the thickness of the blade at that point. 

R. A. R. 

How Boron Affects Steel Hardenability. T. G. Digges, 
C. R. Irish, and N. L. Carwile. (Steel, 1949, vol. 124, June 6, 
pp. 105, 135-138). See Journ. I. and S.1., 1949, vol. 162, 
Aug., p. 488. 

Kinetics of Grain Growth of Austenite in Medium Carbon 
Steels with Small Boron Contents. S.M. Vinarov. (Bulletin 
de l’Académie des Sciences, U.R.S.S., Classe des Sciences 
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Techniques, 1948, June, pp. 899-906 [in Russian] : [Abstract] 
Metals Review, 1949, vol. 22, Jan., p. 28). Results of 
investigations showed that variation of the amount of boron 
added (0-001% to 0-01%) caused variation of the grain 
size of the final product. (See Journ. I. and S.I., 1948, 
vol. 159, July, p. 344). 

Effect of Small Additions of Boron and Vanadium on the 
Crystallization of Steel. S. D. Brik, V. E. Neimark, and 
R. I. Entin. (Stal, 1947, vol. 7, pp. 336-340 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Jan. 25, cols. 531-532). 
The effect of 0-001—0-013% B and of 0-003-0-25% V ona 
steel containing 0-46% C, 0-47% Si, 0-041% P, 0-68°% Mn, 
and 0-041% S was studied. The original material from which 
the steel was made also contained 0-21% Ni, 0-04° Cr, 
and 0-1% Cu. The melt was deoxidized with ferromanganese 
and ferrosilicon, and before tapping 0-02°% Al was added. 
With no additions and a certain rate of cooling the steel had 
a radiating fracture. 0-003-0-004° B destroyed the radiating 
structure and the size of austenitic grains diminished. At 
these concentrations the boron is thought to be in solid 
solution in the steel. At 0-006% B, the radiating structure 
reappeared and at 0.008% the structure was the same as in 
steel without additions. At 0-007% a boron-containing 
phase could be observed; on forging the steel crumbled. 
The effect of vanadium was very similar except that it 
required higher concentrations of vanadium to bring about 
the same results. The size of the austenite grains of primary 
crystallization decreased with increasing concentrations 0. 
boron or vanadium. In this respect the greatest effect was 
produced by up to 0-01% boron and up to 0-1% vanadium. 

Effect of Copper on the Forging, Rolling and Die Stamp- 
ing of Steel ShKh 15. . N. Laguntsov. (Stal, 1947, 
vol. 7, pp. 636-638 [in Russian]: Chemical Abstracts, 1949, 
vol. 43, Jan. 25, col. 532). The effect of copper was studied 
on a steel used for making bearing balls and containing 
0.24% copper; and on a steel of similar composition to 
which was added 0-25°%-1% copper. The first steel was 
rolled and die-stamped, and the second was forged. The 
forging was done at 1080° (start)—850° (finish). On forging, 
some of the work pieces developed surface cracks, the number 
and depth of which increased with the copper content. 
A control sample containing no copper was free from cracks. 
The rolling was carried out at 1180°-1200° to 900°-950°. 
Of the bars containing copper, 3-2°, were discarded for 
surface defects; bars containing no copper were free from 
defects. Similar results were obtained in die-stamping. 
Further tests showed that in copper-bearing steel, defects 
could be avoided or reduced if the working temperature was 
properly chosen, usually lowered. 

The Effect of Silicon on the Activity of Sulphur in Liquid 
Iron. J. P. Morris and A. J. Williams, jun. (Transactions 
of the American Society for Metals, 1949, vol. 41, pp. 1425- 
1439). A study was made of the equilibrium conditions at 
1615° C, in the reaction between hydrogen and sulphur 
dissolved in liquid iron and iron-silicon alloys. Molten iron 
or an iron-silicon alloy was brought to equilibrium at a 
constant temperature with a mixture of H, and H.S of 
constant composition by bubbling the gas directly through 
the metal. At sulphur concentrations of 1° or less in iron, 
the results can be represented by 


See. a Ss 
K1615° Cc. Pu, x 78 0- 00256 
This value is only about one-half the generally accepted value. 
The sulphur content of the metal at equilibrium decreased as 
the silicon content was increased. At a silicon content of 
about 4%, the activity coefficient of sulphur was about twice 
that for sulphur dissolved in pure iron.—R. A. R. 
Determination of Residual Stresses in Quenched Steel. 
D. M. Nakhimov. (Zavodskaya Laboratoriya, 1948, vol. 14, 
pp. 331-337 [in Russian]: Chemical Abstracts, 1949, vol, 43, 
Mar. 10, col. 1699). Tubular specimens 140 mm. long, 
103 mm. outside dia., 25 mm. inside dia., were prepared from 
steels containing (I) 0-29% C, 0-41% Mn, 2-51% Cr, 1-29°, 
Ni, 0-53% Mo, 0-32% Si, 0-008% S, and trace phosphorus ; 
(II) 0.33% C, 0-579 Mn, 2-80% Cr, 1-39% Ni, 0-49% Mo, 
0-38% Si, 0-01% 8, and 0-008% P. After quenching from 
900° in oil or water, in some cases tempering at 100° or 170°, 
the inside was machined in 1—2 mm. steps to 98-99 mm. dia., 
measuring the specimen and calculating the residual stresses 
after each step. Quenching in water produced longitudinal 
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and tangential compressive stresses on the surface ranging 
up to 38 kg./sq. mm. while oil-quenching resulted in tensile 
stresses on the surface up to 42 kg./sq. mm. 

Effect of Copper on the Physical and Mechanical Properties 
of Pig Iron Castings. S. S. Nekrytyi. (Stal, 1947, vol. 7, 
pp. 341-343 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
Feb. 25, col. 1296). Scrap with up to 0-5% copper can be 
safely used for grey-iron castings and for malleable iron. 
Indeed, when the manganese and sulphur are in the ratio 
Mn = 1-71 S, the presence of copper is beneficial since it 
has desirable graphitizing properties neutralizing the action 
of carbide-forming elements ; this permits better utilization 
of alloying elements. Copper also contributes to small- 
grained structure, increases corrosion resistance, and improves 
the workability. 

Effect of Small Additions on the Properties of High- 
Chromium Heat-Resistant Steel. V. N. Svechnikov and 
N.S. Alferova. (Stal, 1947, vol. 7, pp. 331-336 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Feb. 25, col. 1297). The 
effects of niobium, titanium, tantalum, vanadium, molyb- 
denum, tungsten, cobalt, nitrogen, nickel, beryllium, selenium, 
tellurium, nitrogen + nickel, and nitrogen + titanium on 
arresting the grain growth of a high-chromium (25-30°,) 
steel were studied. The effects of these additions were 
studied on cast steel, on steel heated at 900-1300° for 30 min, 
to 96 hr., on the mechanical properties of this steel and on 
scaling. Without any additions this steel (cast) is coarse- 
grained. Of the alloying elements 0.35% titanium was most 
effective in reducing the grain size. Equally effective was 
0-23°% titanium taken together with 0.2% nitrogen. The 
addition of 0-25-0-35% nitrogen, 0-5-2% niobium, and 
1-1-5% tantalum reduced the grain-size but to a considerably 
lesser degree. At elevated temperatures the effectiveness of 
the alloying elements in arresting grain growth was, in 
decreasing order, niobium, titanium, nitrogen, tantalum, 
vanadium, and molybdenum. Of these, niobium, titanium 
and nitrogen effectively prevented grain growth when the 
steel was heated for up to 96 hr. at temperatures up to 1200°. 
Vanadium and molybdenum were effective up to 1100". 
Tantalum was effective at 1200-1300° for 0-5-4-0 hr. but 
lost its effect when the steel was heated for longer periods. 
The elements most effective in preventing grain coarsening, 
niobium, titanium, nitrogen, and tantalum, did not impair 
the heat resistance of the steel. The effects of niobium, 
titanium, tantalum, molybdenum and vanadium are attri- 
buted to their forming stable carbides, while the action of 
nitrogen is attributed to the formation of austenite at high 
temperatures. Tungsten, cobalt, nickel, beryllium, selenium, 
and tellurium had no effect on grain growth. 

Theories of Austenitic Grain-Size Control of Steel. 
B. R. Nijhawan. (Journal of Scientific and Industrial 
Research, 1948, vol. 7, Oct., pp. 447-451). 

Carbon Steel Plates and Rolled Floor Plates. (American 
Tron and Stee! Institute, 1949, Jan.: Steel Products Manual, 
Section 6). This is the sixth revision of the manual first 
issued in 1938. It contains information for the buyer and 
user of rolled steel plates, and covers the following aspects : 
Definitions, specifications, manufacturing practices, com- 
position, sampling practice, rolling-mill tolerances, marking 
and loading, and inspection.—R. A. R. 

The Strength and Reliability of Welded Joints. M. Rod. 
(Eidgenéssische Materialpriifungs- und Versuchsanstalt fiir 
Industrie, Bauwesen und Gewerbe, 1946, Jan., Report 
No. 156). The results of tests on many types of welded 
joints in steel bars, tubes, pressure vessels, etc., are evaluated ; 
permissible stresses are calculated and safety factors are 
presented.—R. A. R. 

The Treatment and Properties of Springs. B. Coates 
(Journal of the Birmingham Metallurgical Society, 1949, 
vol. 29, Mar., pp. 21-49). The subject is dealt with in the 
following sections : Types of springs, materials used, physical 
properties, heat-treatment, surface finish, and special coatings 
and finishes. Specifications of typical hard-drawn steel wires 
are given. Alloy steels are seldom used in the cold-worked 
condition, but for special duties alloy steels become imperative. 
‘Scragging’ or pre-stressing of springs before service 
enhances the elastic properties. Springs stress-relieved at 
between 200° and 400°C. after forming, are in the best 
condition for accepting pre-stress. Then, after pre-stressing 
with a number of scragging loads, subsequent tempering in the 
150° to 250° C. range will put them into the most permanent 
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condition for higher elastic properties. $-curves for a 0-90°% 
carbon steel are presented, and wd a of austempering 
and martempering explained.—r. 

Effect of Variation in Silicon Content on the Properties of 
Silicon-Manganese Spring Steel. W. FE. Bardgett and 
F. Gartside. (Metallurgia, 1949, vol. 39, Feb., pp. 171-177). 
The effect of varying the silicon content between 0-5% and 
2-64°, in silicon-manganese spring steels was investigated. 
Increasing the silicon above 1-50% increased the resistance 
to decarburization on heating at 1000°C. Although raising 
the silicon from 0-5°, to 2-64% produced a progressive 
increase in resistance to tempering, resulting in higher 
tempering temperatures for equal hardness, no corresponding 
improvement in ductility was obtained with the higher 
silicon steels when all the steels were treated to a uniform 
tensile strength. Notch impact toughness and fatigue ratio 
tended to be somewhat inferior in steels containing more than 
2.0% of silicon.—Rr. A. R. 

Plastic Strain and Hysteresis in Drawn Steel Wire. 
R.S. Brown. (Journal of The Iron and Steel Institute, 1949, 
vol. 162, June, pp. 189-200). Forms of test applicable to 
wire are briefly reviewed and it is suggested that none of the 
tests normally applied can be used to assess the properties of 
wire required to withstand dynamic stresses. Considerable 
importance is attached to stress/strain characteristics at 
loads up to 75°% of the ultimate tensile strength, and curves 
involving high magnification of strain are shown, in which 
important changes in plastic properties exhibited by drawn 
wire when subjected to static and cyclic loads and after passing 
round pulleys, are discussed in relation to the behaviour of 
colliery winding ropes. The effect of temperature during 
wire-drawing is examined and some comments are made 
relating to the behaviour of heat-treated wires when subjected 
to combined bending and dynamic stresses. 

Nitrided Steel Piston or 3 for Engines of High Specific 
Power. J. H. Collins, jun., E. E. Bisson, and R. F. Schmiedlin. 
(National Advisory cae for Aeronautics, 1945, 
Report No. 817: [Abstract] Metals Review, 1948, vol. 21 
Dec., p. 48). Several designs of nitrided steel piston rings 
were performance-tested under variable conditions of output. 
The necessity of good surface finish and conformity of the 
ring to the bore was indicated in the preliminary tests. The 
thin nitrided steel rings were performance-tested in both 
nitrided and porous chromium-plated cylinders with good 
results. 

Steel for Bits for Rope Drilling. P. A. Slesarev. (Gornyi 
Zhurnal, 1947, vol. 121, No. 10, pp. 14-19: Chemical 
Abstracts, 1949, vol. 43, Feb. 25, col. 1303). Bits from five 
kinds of steel were tested for their resistance in rope drilling. 
The most suitable were bits from steel S-63 containing 
0-60-0-70°,, carbon, 0-55-—0-80°, manganese, and 0-15 
0-30°,, silicon. 

Properties, Cold Working and Heat Treatment of High- 
Speed Steels. ©. Sapegno and G. Magliano. (Metallurgia 
Italiana, 1948, vol. 40, July-Aug., pp. 131-141: [Abstract] 
Metals Review, 1949, vol. 22, Jan., p. 26). The basic 
characteristics and the influence of cold work and heat- 
treatment on the properties of six steels were studied. 

Investigations of the Two-Stage Heat-Treatment of Various 
Alloy Steels. W. Bischof. (Archiv fiir das Eisenhiitten- 
wesen, 1949, vol. 20, Jan.—Feb., pp. 13-18). The micro- 
structure, hardness, and mechanical properties of 29 low-alloy 
steels (alloyed with chromium, manganese, vanadium, 
molybdenum, tungsten or copper) with and without iso- 
thermal heat-treatment were studied and the S-curves 
constructed. Below a certain hardness in the 300-400 
Vickers range, the impact strength after isothermal heat- 
treatment was no higher, and in some cases even lower 
than after ordinary heat-treatment to the same hardness. 
Above this hardness range the impact strengths were either 
the same for the two treatments, or better after isothermal 
treatment. Above 350 Vickers, isothermal treatment 
markedly improved the impact strength of vanadium steel. 
This improvement is associated with the precipitation or 
formation of vanadium carbides which takes place at the hlgh 
tempering temperature in the ordinary heat-treatment, but 
it is not due solely to the elimination of temper brittleness, 

R. A. R 

Gray Iron Castings. T. ©. Du Mond. (Materials and 
Methods, 1949, vol. 29, Apr., pp. 71-78). The properties 
and characteristics of grey cast iron are reviewed and methods 
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of cleaning, machining, heat-treating, and welding it are 
described.—R. A. R. 

Hot-Deformed Cast Iron. E. Piwowarsky and A. Witt- 
moser. (Zeitschrift des Vereines deutscher Ingenieure, 1949, 
vol. 91, Apr. 15, pp. 183-185). The properties of cast iron 
after deformation by pressing and rolling at temperatures in 
the 1050°—750° C. range are reviewed. The high-class irons 
after deformation attain tensile strengths of 85 to 120 kg./sq. 
mm. with elastic limits of 60 to 70 kg./sq. mm. Elongations 
of 2 to 5% were obtained in the direction of rolling. There 
was no necking. The Brinell hardness of 250 to 320 was 
somewhat greater than that of ferritic iron as the hot de- 
formation refined most of the structure to sorbite. The 
bending strength (specimen 30 mm. in dia., 60 mm. long) was, 
at 110 kg./sq. mm., much higher than that of ordinary grey 
iron. The compressive strength was 170 to 210 kg./sq. mm. 
The deformation raised the impact strength considerably to 
5 mkg./sq. em. for unnotched specimens 10 x 10 55 mim. 
The fatigue strength was more than double that of good grey 
iron. The corrosion resistance was about the same as for 
grey iron, and the wear resistance was very high indeed. 

R. A. R. 

A Laboratory Evaluation of Some Automotive Cast Irons. 
A. B. Shuck. (Transactions of the American Foundrymen’s 
Society, 1948, vol. pp. 166-193). See Journ. I. and S.L., 
1948, vol. 160, Dec., p. 450. 

Influence of Chaveniosn on Graphitization of White Cast 
Iron. G. Joly. gece ew of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 66-71). See Journ. I. and 
S.1., 1949, vol. 161, Jan., . 75. 

Alloying Elements’ Effect on Tensile Properties of Malleable 
Iron. H. A. Schwartz and W. K. Bock. (Proceedings of the 
American Foundrymen’s Society, 1948, vol. 56, pp. 458-461). 
See Journ. I. and 8.1., 1948, vol. 160, Oct., p. 232. 

Pearlitic Malleable Irons, Plain and Alloyed. R. Schneide- 
wind and D. J. Reese. (Transactions of the American 
Foundrymen’s Society, 1948, vol. 56, pp. 410-430). See 
Journ. I. and 8.1., 1949, vol. 161, Jan., p. 75. 

Alloy Cast Irons. R. B. Whitelaw. (Australian Institute 
of Metals: Australasian Engineer, 1949, Jan. 7, pp. 48-58). 
The structure and properties of alloy cast irons are considered. 
The sequence of Carpenter and Robertson’s classification, 
namely, high-strength, special white, martensitic, ferritic, 
and austenitic, is followed, and data on the effects of the 
alloying elements nickel, chromium, molybdenum, copper, 
vanadium, aluminium, manganese, silicon, and titanium are 
presented and discussed. There are 42 references.—R. A. R. 

Tensile Properties versus Composition of Double Normalized 
Cast Steel. H. A. Schwartz and W. K. Bock. (Transactions 
of the American Foundrymen’s Society, 1948, vol. 56, pp. 446 
451). See Journ. I. and 8.I., 1948, vol. 160, Dec., p. 443. 

Low Temperature Properties of the Austenitic Stainless 
Steels. R.H. Henke. (Product Engineering, 1949, vol. 20, 
Apr., pp. 104-107). Data from the literature on the low 
temperature properties of the austenitic stainless steels are 
reviewed and some additional results are given. <A stainless 
steel (C 0-12%, Ni 6-29%, Cr 17-6°%) cold drawn to a tensile 
strength of 207,000 Ib./sq. in. lost little of its initial impact 
strength of 35 ft.lb. at room temperature, but this decreased 
to 29 ft.b. at — 320° F. An austenitic composition 
(Ni 7-22%, Cr 18-29%) dropped from 48 ft.lb. at room 
temperature to 38 ft.lb. at — 320° F. Austenitic stainless 
steel joints welded with similar steel have, in general, impact 
resistances in the 25-40 ft.lb. range at room temperature 
and 18-25 ft.lb. at — 320° F.—R. A. R. 


METALLOGRAPHY 


The Electron Microscope. A. D. Merriman. (Metallurgia, 
1949, vol. 39, Jan., pp. 139-143). The principles of the 
optical and the electron microscopes are compared and the 
evolution of the latter is described. Finally, details of the 
construction and operation of a modern instrument are 
given.—R. A. R. 

The Electron Microscope. G. ©. Trabacchi. (Elettro- 
tecnica, 1948, vol. 35, July, pp. 313-319: Electrical 
Engineering Abstracts, 1949, vol. 52, Apr., p. 143). This is 
an elementary general description, with an illustrated account 
of the construction and use of an instrument with magnetic 
lenses. 
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The Theoretical Limit of the Electron Microscope. 
O. Scherzer. (Journal of Applied Physics, 1949, vol. 20, Jan., 
pp. 20-29). The resolving power of the electron microscope 
and the contrast in the image are calculated for different 
conditions of focusing, illumination and aperture. These 
conditions can change the limit of resolution by a factor of 
about 3. The contrast in the image of an atom is appreciably 
increased by defocusing and spherical aberration. Neverthe- 
less, the contrast improves when the numerical value of the 
aberration constant is diminished. The effect of different 
methods of spherical correction is discussed briefly. 

Microscopy with Electrons. M.E. Haine. (British Science 
News, 1949, vol. 2, No. 15, pp. 66-68). The factors limiting 
the resolving power of the light microscope are explained, 
the principles and construction of the electron microscope 
are described, and reproductions of replicas of etched alu- 
minium and pearlitic steel, at 12,000 and 7000 diameters, 
respectively, are shown.—R. A. R. 


CORROSION 


A Unified Mechanism of Passivity and Inhibition. 
R. B. Mears. (Journal of the Electrochemical Society, 1949, 
vol. 95, Jan., pp. 1-10). A unified mechanism of passivity 
based on the behaviour of local elements in metal surfaces is 
developed. It is suggested that passivity may be achieved 
by (a) reduction of the open circuit potential differences 
between the local anodes and cathodes, (b) increased anodic 
polarization, (c) increased cathodic polarization, or (d) a 
combination of these factors.—R. A. R. 

The Atmospheric Rusting of Iron. G. Schikorr. (Archiv 
fiir Metallkunde, 1949, vol. 3, Feb., pp. 76-79). The results 
of atmospheric exposure tests on specimens of iron at Berlin- 
Dahlem, in the centre of Berlin, and near locomotive sheds 
are evaluated and related to the moisture and sulphur indices 
and the seasons of the year. The loss in weight was much 
less in winter months when for 20 days of the month the 
average temperature was below 0° C. Specimens wrapped in 
filter paper corroded at less than half the rate of unwrapped 
specimens.—R. A. R. 

Corrosion and Mechanical Stress. E. Gerold. (Metall- 
oberfliche, 1949, vol. 3, Feb., pp. 29-32). . Corrosion- 
fatigue tests were made on mild steel specimens 7-5 mm. in 
dia. by rotating them at 4000 r.p.m. under water, some without 
load and others under load. They were removed and 
examined after various time intervals. With unstressed 
specimens nodules of corrosion products formed on the surface 
which grew from 0- 1-0-2 mm. in dia. in one day to 0-4 mm. 
in seven days. After 30 hr. test under an alternating bending 
stress of 15 kg./sq. mm. nodules formed which penetrated 
into irregular fine cracks in the metal. After seven _ 
test these cracks became much longer and deeper.—k. A. 

The Use of Inhibitors for Controlling Metal ages G. 7. 
Colegate. (Metallurgia, 1948, vol. 39, Nov., pp. 18-20; 1949, 
Jan., pp. 149-151; Feb., pp. 219-221; Mar., pp. 263-265). After 
outlining the mechanisms of corrosion processes, the author, in 
Part I, classifies inhibitors as anodic, cathodic, and adsorp- 
tive, and explains the characteristics of each. Part II deals 
with the inhibitors used for preventing galvanic action between 
dissimilar metals in contact in the presence of an aqueous 
medium, whilst Part III discusses chromate and dichromate 
inhibitors. In Part IV, the author discusses the use of 
silicates, phosphates, sodium nitrate, vapour-phase inhibitors, 
and inhibitors for the acid-pickling of steel.—R. a. 

Anticorrosive Power of Inhibitors and Molecular Structure. 
I—Measurements on Some Organic Compounds in an Acid 
Medium. II—Measurements on Derivatives of Thiourea and 
Isothiocyanates. L. Cavallaro and G. Bolognesi. (Atti 
acad. sci. Ferrara, 1946-1947, vol. 24, Nos. 1 and 2: 
Chemical Abstracts, 1949, vol. 43, Jan. 25, cols. 547-548). 


ANALYSIS 


The Pulfrich Photometer, Type I b/7, Modified for Photo- 
Electric Measurements. W. R. Domingo. (Chemisch Week- 
blad, 1949, vol. 45, June 25, pp. 425-427). [In Dutch]. 

A Method for the Rapid Photometric Determination of 
Tungsten in Steels. A. A. R. Wood. (Metallurgia, 1949, 
vol. 39, Mar., pp. 266-268). The reaction between a tungs- 
tate and thiocyanate in the presence of a reducing agent 
had been adapted for use as an absorptiometric method for 
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determining tungsten in steel. Dissolution is with a sulphuric. 
phosphoric acid mixture, which keeps tungsten in solution as 
phosphotungstic acid. This is then coloured up with sodium 
thiocyanate and stannous chloride in a medium of con- 
centrated hydrochloric acid. The yellow colour is corrected 
for interference from most other metals by taking blank 
readings ; vanadium and molybdenum form slight colorations 
under the conditions described, but may be accounted for by 
the use of a correction graph. 

The Application of Solid Electrodes in Polarography. 
E. M. Skobets and P. P. Turov. (Zavodskaya Laboratoriya, 
1949, vol. 15, Apr., pp. 414-417). [In Russian]. A solid, 
stationary, polarographic electrode which is electrochemically 
depolarized is described.—s. kK. 

New Volumetric Method for the Determination of Iron. 
B. N. Afanasev and A. Uralskaya. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Apr., pp. 407-408). [In Russian]. 
The following method for the determination of iron is des- 
eribed: the solution of bivalent iron, containing sulphuri 
acid and sodium fluoride, is titrated at 40°C. with 0-1N 


chloramine solution in the presence of two or three drops of 


0-2°, aqueous solution of indigo carmine. The end-point 
occurs when the colour changes from blue to green.—s. kK. 

The Determination of Columbium and Tantalum in Steels. 
Maria Waterkamp. (Archiv fiir das Eisenhiittenwesen, 1949, 
vol. 20, Jan.-Feb., pp. 5-8). Methods of isolating columbium 
plus tantalum from steel and the methods employing 
phenylarsenic acid, sulphurous acid, perchloric acid, and 
Cupferron have been examined and recent neat of separa- 
ting these two elements have been tested.—Rr. A. 

The X-Ray Absorption Analysis of Alloy Steels. H. Krainer. 
(Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, Jan.—Feb., 
pp. 9-12). After describing the principles of X-ray absorption 
analysis a rapid method of determining alloying elements in 
steel using an electron counter is described. Its application 
to the determination of tungsten and tantalum is explained. 

R. A. R. 

Indirect Colorimetric Method for the Determination of 
Lead in Steel. A. M. Dymov. (Zavodskaya Laboratoriya, 
1949, vol. 15, Apr., pp. 395-397). [In Russian]. The 
following method for the determination of lead in steel is 
described and shown to give satisfactory results. The lead is 
precipitated as sulphide, which is then dissolved in nitric 
acid. After filtering, the solution is evaporated to small 
volume and transferred to a special centrifuge in which it is 
neutralized with ammonia, a slight excess being added. After 
acidifying with acetic acid and adding ammonium acetate, 
the lead is precipitated at 95° C. with an aqueous solution of 
ammonium molybdate. Successive centrifuging and washing 
is then carried out, the precipitate being dissolved in a 
mixture of dilute sulphuric and hydrochloric acids. After 
adding solutions of stannous chloride and potassium thiocyan- 
ate, the molybdo-thiocyanate complex is repeatedly extracted 
with ether, the intensity of colour of the ethereal extract being 
compared with that of one of known molybdenum content. 

S. K. 


ECONOMICS AND STATISTICS 


Production of Steel in Europe and the Marshall Plan. 
R. A. Ronnebeck. (Iron and Coal Trades Review, 1949, vol. 
158, May 13, pp. 1027-1031). The position of the supply of, 
and demand for, metallurgical coke and steel scrap for 
increasing the production of steel in Europe to the quantities 
envisaged by the Marshall Plan are reviewed by summarizing 
data issued by the Committee of European Economic Co- 
operation.—R. A. R. 

The Steel Industry in Soviet Russia. (British Steelmaker, 
1949, vol. 15, Feb., pp. 60-65). Extracts are given from the 
Five Year Plan adopted in March 1946 in Russia to restore 
the plants destroyed in the south and increase the production 
capacity in the east. The Plan envisages the construction 
of 45 blast-furnaces, 165 open-hearth furnaces, 15 converters, 
and 90 electric furnaces to produce 12-8 million tons of pig 
iron and 16-2 million tons of steel, 104 rolling mills to produce 
11-7 million tons, and 63 batteries of coke ovens with a total 
output of 19-1 million tons. Steel production in 1940 was 
18-3 million tons and the target for 1950 is 25-4 million 
tons.—R. A. R. 

The Machine-Tool Industry in the Soviet Union. (‘Technische 
Rundschau, 1949, vol. 41, Feb. 11, pp. 1-4). A survey of the 
development and present position of the machine-tool 
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industry of the U.S.S.R. is given. The number of machine 
tools produced in 1939 was 55,000 ; it is planned to produce 
1,300,000 in 1950. ‘* Machining lines ’ have been developed ; 
these consist of up to 50 machines mounted in two lines ; all 


operations, including the removal of the work from one 
machine to the next and setting up are entirely automatic. 
The production of grinding materials and grinding wheels is 
an innovation.—.. G. 


BOOK NOTICES 


Farapay Society. ‘“* The Physical Chemistry of Process 
Metallurgy.’ (Discussions of the Faraday Society, No. 4, 
1948). 8vo, pp. 344. London, 1949: Gurney and 
Jackson. (Price 30s.) 

This volume contains 25 papers by various authors in 
addition to an Introductory Address by Sir Andrew 
McCance and a paper on ‘** Physico-Chemical Principles in 
Process Metallurgy” by Sir Charles Goodeve. In 
Section I, concerning “ Metallic Solutions,” J. Chipman 
reviews the existing data on many solutions in liquid 
metals. Also of particular interest to the ferrous industry 
is a paper by J. A. Kitchener, J. O’M. Bockris, and 
A. Liberman on the thermodynamics of solutions of 
sulphur in liquid iron saturated with carbon. Five other 
papers in this section deal with other aspects of thermo- 
dynamics and kinetics of metal solutions. 

In Section II, on ** Roasting and Reduction Processes,’ 
Cc. W. Dannatt and H. J. T. Ellingham give a general 
survey of this wide field, and stress that at every stage of 
reduction there is not only the problem of collecting the 
metal but also of removing the undesirable elements in an 
easy manner. It often happens that the longest route in 
a chemical sense is the shortest in the end. A good 
example of this is provided by M. Tigerschiéld in the 
discussion; the dense magnetite ores in Sweden are 
oxidized to a porous ferric oxide before being reduced 
in the blast-furnace. A practical example of the value of 
thermodynamics in the design of such processes for the 
reduction of refractory oxides is given by L. M. Pidgeon 
and J. A. King, who report studies of the equilibrium of the 
basic reaction for the Pidgeon process used in Canada 
during the war for making magnesium from dolomite and 
ferrosilicon. J.S, Anderson discusses the primary reactions 
in roasting and reduction processes, and S. E. Woods 
deals with some of the mechanical factors (such as diffusion 
rate) that limit reaction rates, especially in relation to 
oxides of iron reduced in a gas stream. This topic is 
taken further by M. Wiberg in the general discussion. 
Seven other papers in this section range from ‘ The 
Graphical Study of Metallurgical Equilibria,” by M. J. N. 
Pourbaix and Madame C. Rorive-Boute, to ** The Reduction 
of Zine Sulphide by Iron under Reduced Pressure,” by 
P. Gross and Mrs. M. Warrington. 

The third section is concerned with “ Slags and Refining 
Processes.” The refining processes considered are those 
involving molten slags, consisting essentially of mixtures 
of silicates, aluminates, and phosphates of such metals as 
calcium, magnesium, and iron. Their most special appli- 
cation is in the refining of steel at temperatures of about 
1600° C., and almost all the work so far carried out on the 
physical chemistry of slags has been in the ferrous field. 
F. D. Richardson introduces the subject with a paper on 
“The Constitution and Thermodynamics of Liquid Slags,”’ 
and the subject is taken further in a paper by J. O’M. 
Bockris, J. A. Kitchener, 8S. Ignatowicz, and J. W. Tomlin- 
son. In this paper on the electrical conductivity of molten 
slags their ionic nature is confirmed beyond doubt, a result 
to be expected from present detailed knowledge of the 


’ 


structure of silicates and similar compounds. The rate of 


carbon removal is one topic discussed by 8. Fornander in a 
paper on ‘The Behaviour of Oxygen in Liquid Steel 
during the Refining Period in the Basic Open-Hearth 
Furnace.”’ He finds that manganese in the metal, even 
at concentrations of less than 3°,, does not lower the rate 


of carbon elimination as previously thought. The rate of 


removal is essentially dependent on the carbon concen- 
tration and on bubble formation on the bottom. 
P. T. Carter discusses “‘ The Physical Chemistry of Sulphur 
Removal in Steelmaking,’ and other papers concern such 
topics as ** The Constitution of Phases at High Temperature 
in relation to their Thermodynamic Properties,’ by 
G. M. Willis, “* The Thermodynamic Activity of Silica and 
of Oxides in Silicate Melts,’ by M. Rey, and * Equilibrium 
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Hitter, W. 


PANSERI, C. 


Relationships in Systems Containing Iron Oxide and their 
Bearing on the Problem of the Constitution of Liquid 
Open-Hearth Slags,’’ by P. Murray and J. White. 


GMELINS HANDBUCH DER ANORGANISCHEN CHEMIE. Achte 


Auflage. System-Nummer 10. “ Selen.” Teil B: ‘ Die 
Verbindungen des Selens.” La. 8vo, pp. xxi + 195. 
Clausthal-Zellerfeld, 1949: Gmelin-Verlag, G.m.b.H. 
(Price 40.60 DM.) 

The appearance of another issue in the well-known series 
of Gmelins handbooks forms a welcome addition to the 
post-war technical literature. This issue covers, in a most 
comprehensive manner, the formation and properties of 
the compounds of selenium with hydrogen, oxygen, 
nitrogen, chlorine, bromine, iodine, and sulphur.—R. A. Rk. 
* Stahl- Handbuch,  Alphabetisches Nach- 
schlagewerk der Stahlkunde.” 8vo, pp. 326. Vienna, 
1948: Rudolf Bohmann, Industrie- und Fachverlag. 
(Price $3.80.) 

This handbook is addressed to engineers and others who 
use steel and it is written in the simplest possible language. 
The various steelmaking processes, alloying elements, 
manipulation of iron and _ steel, special purpose steels, 
heat-treatment processes, steel structure, mechanical 
properties, etc., are dealt with in an elementary way and, 
although there are less than two hundred entries, they 
have been so carefully chosen that the subject is adequately 
covered. In so far as its technical contents are concerned, 
this work is not likely to be of interest to a British metal- 
lurgist, but to one wishing to learn German, it would be 
most useful. Such words as Block, Bramme, Kniippel 
and Zaggel are seldom found in quite good German 
English dictionaries, and even if one did find the word 
Kniippel it is most probable that its meaning would be 
given as cudgel or log (of wood) whereas in the steel 
industry it signifies billet. 

The book is clearly printed on moderately good paper and 

is reasonably well bound.—J. FERDINAND KAYSER. 
* L’Alluminio e le sue Leghe.” Trattato 
Generale di Metallurgia Metallografia e Tecnologia. 
Tomo Primo. ** Metallurgia e Metallografia.” Tomo 
Secondo. ‘ Caratteristiche Fisico-Meccaniche e Techno- 
logiche. Metodi di Prova e Risultati.”. Seconda edizione. 
8vo, pp. vill 423. Illustrated. Milan, 1949: Editore 
Ulrico Hoepli. 

The second part of the first volume of Professor Panseri’s 
treatise on the metallurgy, metallography, and technology 
of aluminium and its alloys appears four years after the 
first part, a delay ascribed by the author to post-war 
difficulties in Italy. However, he presents a lengthy and 
up-to-date study of the mechanical testing of aluminium 
and its alloys which will be not without interest to the 
users of other metals, since there is little among the 
numerous tests and apparatus described, which is not 
applicable to other than light alloys, save for a section 
dealing with their casting and the determination of fluidity. 
To the Italian student for whom this is intended this will 
be a valuable work; a criticism that may occur to the 
English or American reader is the apparent dependence of 
the Italian metallurgist on German and Swiss apparatus. 
This may well be a result of war-time conditions ; no such 
criticism can be made of Prof. Panseri’s choice of references, 
since the bibliographies attached to each chapter draw 
widely upon English and American sources. Moreover, 
they are complete, as far as can be seen, to 1947. A third 
part of this volume is promised, to deal with corrosion and 
corrosive studies, and metallographic and X-ray technique : 
if it is as comprehensive as the previous two parts it will 
be very valuable.—4J. P. s. 


Ricken, T. “* Ingenieur- Tabellen, Zahlentafeln und Formeln 


fir Studium und Praxis.” 8vo, pp. xiii + 292. Miinich, 
1949: Carl Hanser Verlag. (Price 11 DM.). 
On account of the war many German engineers find 
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themselves without technical books, and even without 
mathematical tables, tables of physical constants and the 
like, and this publication is one of the first that seeks to 
meet that want. In comparison with handbooks available 
in English-speaking countries, it is not particularly com- 
prehensive, and inclusive of the index, consists of only 
292 pages. It is arranged in much the same way as the 
handbooks generally known in this country, and in a very 
abbreviated way covers almost the same ground as say, the 
Machinery Handbook.—J. FERDINAND KaysER. 

Roure, R. T. “A Dictionary of Metallography.” Second 
Edition. 8vo, pp. 300. London, 1949: Chapman and 
Hall, Ltd. (Price 18s.). 

The title of this work is somewhat unfortunately chosen. 
In the first place it is more a handbook than a dictionary, 
and in the second place the use of the word “ metallo- 
graphy’ is somewhat misleading. In Great Britain 
metallography is usually understood to be the science 
concerning the constitution and structure of metals. 
The author’s definition is “ that branch of science which 
relates to the constitution and structure, and their relation 
to the properties, of metals and alloys.’ He has, however, 
interpreted his own definition very widely as he gives 
paragraphs covering abrasion, absolute temperature, 
armour plate, buffing, cavitation, chipping, and the like. 

Whilst the book does not deal exclusively with ferrous 
metallurgy and processes, the references to other branches 
are few and far between and it is not likely to be of much 
use to technicians working with non-ferrous metals. 
For instance, under the head ‘‘ Normalizing ”’ the author 
deals only with the process known as normalizing in the 
steel industry ; normalizing in the aluminium industry is a 
different process. 

Bearing in mind the fact that the author has completely 
overstepped the confines of the science of metallography, 
there are many and important omissions. For instance, 
no reference is made to cathodic protection, deep-freezing, 
Miller indices, scarfing, shot-peening, sputtering, etc. 
Also many of the entries could not be universally accepted. 
The author’s definition of super-finishing is insufficient to 
distinguish it from honing, an operation which is not 


NEW PUBLICATIONS 








and 
reagents are of the greatest importance, and it is discon. 
certing to read that ‘‘ a violent etchant is one whose action 
is accompained by the liberation of gases; a non-violent 
etchant is one whose action is not accompanied by any 


mentioned. In metallography, etching etching 


liberation of gases...” If one electrolytically etches 
steel in chromic acid, the evolution of gas is most violent 
but the etching effect is, comparatively speaking, slight. 

In general, the work is well written and arranged, but 
the author’s persistence in using the initial letter of a word 
for its abbreviation is disconcerting. For instance, the 
reference under ‘ basic steel’ might very easily be mis- 
understood ; it reads: ‘‘S. melted under a b. (lime) slag 
in a furnace having a b. (magnesite or dolomite) bottom 
and lining . . .”.—J. FERDINAND KAYSER. 

SPECIAL AND ALLOY STEEL ComMITTEE. ‘‘ A Metallurgical 
Study of German Aircraft Engine and Airframe Parts.” 
Part II. By the Aero Component Sub-Committee of the 
Technical Advisory Committee to the Special and Alloy 
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CAPTAIN C. A. ABLETT, R.E., 0.B.E., B.Se., M.Inst.C.E. 


HARLES ANTONY ABLETT was born at Ilkley, Yorkshire, in I88i. He was 
educated at Westminster School and at Oundle School, and then attended the 
City and Guilds Technical College, now the Imperial College of Science and 

Technology of London University, where he held the Clothworkers Scholarship. 

In 1902 Captain Ablett went to the United States, where he served as an apprentice 
with the General Electric Company at Schenectady, N.Y., and afterwards joined the 
Company's Construction Department, being responsible for the erection of plant 
for the Canadian Niagara Power Company. He then returned to England to join 
Messrs. Siemens Brothers, and was appointed head of the department which provided 
electric drives for rolling mills and other steelworks plant. During this time he was 
responsible for the electrical gear for the 36-in. cogging mill at Skinningrove 
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gained considerable experience of the electrical requirements for steelworks plant 
both here and in Germany, he returned to Canada as General Manager and a Director 
of the Siemens Company of Canada. 

Soon after the outbreak of the first world war, Captain Ablett obtained a transfer 
from the Canadian Militia to the Royal Engineers, and was an officer of the 208th Field 
Company in France. He was invalided in 1917, and was seconded to the Ministry of 
Munitions. As Director of Munitions for Ireland he had five national factories under 
his control. 

After the war, Captain Ablett became a partner in a firm of Consulting Engineers, 
but after five years he decided to return to the manufacturing side of the engineering 
industry, and became Chairman and Managing Director of the Cooper Roller Bearings 
Company, Ltd. 

Captain Ablett has presented a number of papers to The Iron and Steel 
Institute, and to other learned institutions, and gained the Bayliss and Miller 
prizes awarded by The Institution of Civil Engineers. 

In about 1908 he formed the view that it would be to the advantage of the iron 
and steel industry if more interest were taken in engineering subjects, and in 1908, 
1909, and 1923, three papers which came under this general heading were presented 
to the Institute. In order to broaden the interest of Institute members in engineering, 
he offered the Ablett prize in 1938. He became a Member of The Iron and Steel 
Institute in 1908, and was elected an Honorary Vice-President in 1949. 
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FOURTH HATFIELD MEMORIAL LECTURE 
The Plastic Behaviour of Solids 


By Sir Andrew McCance, D.Sc., LL.D., F.R.S. 


I am very glad to be given this opportunity of paying a tribute to the memory 
and work of Dr. Hatfield whose friendship I enjoyed for many years. That the 
occasion should take place in his native town of Sheffield, where his life’s work 
was carried out, and to the development of whose special steel industry he made 
many important contributions, and that it should take place within the precincts 
of the University where he received his early training, seems specially appropriate. 










Hatfield’s interest in metallurgy ranged over a wide field so that the choice of 


an appropriate subject is a matter that presents no difficulty. 


I have chosen the 


subject of plastic behaviour in solids because it was one of his own interests and 
because it is a subject to which I have directed much thought. 

How well I remember how he would ask in his humorous and quizzical way, 
“* Why does a spring spring ?”’ And having received an answer he would mockingly 


reprove you for dealing flippantly with such a fundamental question. 


His work 


on the assessment of the creep characteristics of steels by means of a “ time yield ” 
was but another aspect of the same interest and an indication also of his practical 


outlook in handling such investigations. 


Such considerations have determined my choice of subject this evening. 


1. THEORY OF PLASTIC EXTENSION 


HE distinction between the elastic and the plastic 
behaviour of solids has long been well recognized 
and many investigators have assumed that the 

plastic stage was merely a degenerated elastic stage 
whose behaviour could be formulated by an extension 
ofelasticity theory. Such was the view of Mohr, whose 
ideas were later simplified by von Mises and Hencky 
and received wide recognition. 

I have come to regard this view as untenable and 
to believe that the straight-line relationship between 
stress and strain in elasticity theory must be considered 
as something distinct and separate from the stress/ 
strain relationship in plastic behaviour. 

The transition from the first set of elasticity con- 
siderations to the second set of plasticity conditions is 
the event which we designate as the elastic limit, 
and the stress at which this transition takes place 





The Lecture was presented in Sheffield on 28th 
October, 1949. 

Sir Andrew McCance is Deputy Chairman and Joint 
Managing Director of Messrs. Colvilles, Ltd. 
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is not uniquely determined. It will vary widely 
according to the conditions under which it is allowed 
to take place and with the rate at which stress is 
applied. It has been generally accepted for a long 
time that the more accurately one attempted to meas- 
ure the elastic limit by a refinement of method the 
more difficult it was to detect the existence of any 
limit at all. 

I therefore regard the elastic limit as a fortuitous 
occurrence of no theoretical importance. I would 
go further and say that in a regular metallic lattice, 
such as exists in single crystals, an elasticity range 
only arises when an admixture of atoms due to 
impurities or to other intentionally added elements 
is present. The normal behaviour for such a lattice is 
plastic behaviour.* In multigranular material or in 
ionic crystals, however, a true elastic limit can exist. 





* I should perhaps say that I do not wish it to be 
thought from this that I disparage the theory of elasticity 
or its application to commercially available materials 
nor its fundamental importance in engineering theory, 
for that would be quite incorrect. 
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Fig. 1—Bairstow’s extension 
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My views on this question have recently received 
strong support from the work of the Dutch physicists 
Snoek, Dijkstra, and Polder,1~* on the effect of 
minute quantities of carbon and nitrogen in iron, 
and I strongly commend their work to the attention of 
metallurgists. 

From an examination of stress hystereses effects, 
Bairstow* found that when a cyclical stress less 
than the elastic limit was applied to a steel test- 
piece the breadth of the stress/extension loop gradually 
widened but reached ultimately a steady value. 
When that steady cyclical permanent set was plotted 
against the stress the curve lay along the downward 
prolongation of the plastic-extension part of the 
curve into the region of elasticity (Fig. 1). 

There was created in this way a continuous curve 
of stress/extension which merged with the upper 
curve for major extensions in the range of plastic 
behaviour, and this result seemed to warrant giving 
to this curve an existence of its own over the whole 
range of extension and of applied stress. In other 
words, it was justifiable to extend the curve back- 
ward to the origin. 

That the physical properties of metals are materially 
affected by cold working is, of course, well known. 
The strength is increased, the density is lowered, 
the thermo-electric powers are affected, and it would 
be safe to say that none of the physical properties 
remains unaffected. 

Let it be assumed, therefore, that the atoms can 
exist in two states : the normal state of the annealed 
metal with a regular lattice, and the state of cold 
work with a distorted lattice. With each of these 
states is associated a specific volume so that the change 
in the specific volume after cold work accurately 
reflects the proportion of atoms § which have changed 
from one state to the other. 

In a bar being deformed by stress this change in 
volume will have two effects on the stress. In so far 
as the increase in volume increases the length, it 
will decrease the stress required for a given extension, 





MCCANCE : THE PLASTIC BEHAVIOUR OF SOLIDS 


increase in the proportion of atoms in the cold-worked 
state : 


(1) That the change in length is proportional 
to 56? : 


where 20 is a constant. 


(2) That the change in cross-sectional area 
5A, is also proportional to 56? : 

Se ar A cas \4a54. 0-9-4) «<4 s46cd (2) 
If, in any monotonic curve representing the relation 
between the stress and the cold-work fraction 6 
for a uniform bar, a point be chosen where the slope 
of the curve is M, then for a small increase in § the 

second-order variation in the stress will be : 

dM 


Gi" 392 
dé - 80 


This must correspond to the changes in stress 5S, and 
$8, arising from (1) and (2), that is : 
dM 


7) 862 = 8S, + 8S, 


2b. M.86? i 28.662 
Remembering that M = dS/d0, the slope of the 


curve at the chosen point, the equation relating 
stress to § becomes : 


a , 
do? — 2b a6 MD RT DY" GSsiesscceceee (3) 
for which the appropriate solution is : 
Ss = 2So.e °° sinhv/ 6? + c2.6 eecccccccccccce (4) 


In this equation the stress is related to the proportion 
6 of atoms in the cold-worked state. 

For an assembly of n atoms of which r are in the 
cold-worked state as a result of plastic straining, 
the free energy F is given by : 

F 


on nlogn + rlogr + (n — r) log (n r) 
+ rlogg (T) 
and on differentiating to obtain the partial potential 


of the r atoms the ratio r/n = @ appears as — log 
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Fig. 2—-Curves for e-*9 sinh £@ with 
different values of the coefficients 





and to the extent that it increases the cross-section 6/(1— 9). This ratio 6/(1 — 6) is the important one 
it will increase the stress. and I have made the assumption that 
Let us separate these effects and make the simplest 6 : ; 
assumption for the changes resulting from a small [ —¢ = * the extension per unit length 
+ | 
Fain ‘O75 | 
3 z | fe 
 — ae Aap: Gao wa —A0 
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20 V at” c 6 Cu 
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Fig. 3—Stress for copper, lead, and steel 
in the plastic range showing propor 
tionality to S(«, B) 
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so that 


6é= —— 

] +r & 

These assumptions are self-consistent, 7.e., 6/(1 — 6) 

goes from 0 to » with x, and 6 varies from 0 to 1 
with the contraction of area, a. 

Making this substitution in equation (4) changes 

the equation to a form in which it can at once be used : 

S = 28o.e~'* sinh Vb? + c%.a .... jini 
The stress S will be the stress at the contraction of 
area, that is, the true stress on a test bar. 

The general shape of the curves to which equation 
(6) gives rise for varying values of the coefficients 
is shown in Fig. 2. 

Equation (4) can be applied not only to find the 
variation of stress with the degree of cold working 
but to find the varation of any physical property 
which complies with the basic assumptions (1) and (2), 
and so it is of very general application. 


= a, the contraction of area......... (5) 


2. COMPARISON WITH EXPERIMENTAL RESULTS 


Standard test-pieces were loaded progressively and 
accurate measurements of the load and contraction of 
area were made until fracture took place.* Appro- 
priate values of the coefficients « and £8 in the equa- 
tion 

S(a, B) = e *® sinh Ba 
were found from these results for mild steel, copper, 
aluminium, and lead, from three equidistant points in 
each curve, and the whole range of experimental 
results was then plotted against the calculated values 
of S(a ,B). 

The accurate proportionality shown in Fig. 3 for 
these metals leaves no doubt as to the correctness of 
the theory which is here presented. 

This is further shown by dividing the experimental] 
values for the stress for a particular value of the con- 
traction of area by the calculated value of S(«, 8) 
to obtain the value of the constant 2S,. In Table I 
the results for mild steel, and in Table II those for 





* I am indebted to Mr. J. Glen for carrying out these 
measurements at the research laboratory of Messrs. 
Colvilles, Ltd. 

Table I 
RESULTS FOR MILD STEEL 
a = 20°107, 8 = 21-200 








Jans Po S(a, B) 2So 
6 -0283 16 -63 0 -3603 46-15 
0-1174 25 -65 0 -5599 45-81 
0 -1538 27 -20 0 -5906 46-05 
0 -2513 30 -40 0 -6580 46-19 
0 -2784 31 -30 0 -6777 46 -18 
0 -3430 33 -70 0-7275 46 -32 
0 -3781 34-95 0 -7568 46 -18 
0 -4259 36 -60 0 -7963 45 -96 
0 -5152 40 .40 0 -8779 46-01 
0 -5609 42-70 0 -9229 46 -26 
0 -6510 47 -20 1 -0184 46 -34 














Analysis : C 0-085%, Mn 0:46%, Si 0:05%, S 0-029%, P 0:010% 
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copper, show clearly the constancy of 2S, over the wide 
range from 3% to 65% contraction. 

The equation applies also to other plastic materials, 
and the corresponding figures for a nitro-cellulose 
fibre, from the experimental results of Brown, Mann, 
and Pierce,® are as follows : 


Nitro-Cellulose Fibre: a = 2-012, B = 2-310 


Elongation, Stress, 
% kg./sq.cm. S(a, B) 285 
1 2-0 5 -06 0 -3200 15-31 
2 4-0 7-55 0 -4745 15-91 
3 8-0 9 -82 0 -6189 15 -86 
4 12-0 11 -25 0 -7123 15-79 
5 16-0 12 -76 0 -8009 15-93 


I have confirmed its accuracy also for silk fibres, 
starch and paint films, and it may be taken that the 
theory correctly accounts for the behaviour of plastic 
materials under stress. 

The coefficients which have been found for the 
metals mentioned above are given below, together 
with the plastic modulus M and Young’s modulus 
for comparison : 


Metal 2So0 « 8 M E 
Steel 46-10 20-107 21-200 977-3 13-500 
Copper 28-10 6-015 7-150 200-9 7-900 
Aluminium 7-81 17-208 18-45 144-1 4-550 
Lead 1-69 30-32 32 -00 54-] 1 -050 


It will be seen that the plastic modulus is very much 
less than Young’s modulus and that there is no obvious 
relation between them. 

There is an approximate straight-line relation 
between c? and 6, as might be expected, but confirma- 
tion of this must await further experimental results. 
The value of S, appears to correspond fairly closely 
with the tensile strength as ordinarily determined. 

In this connection, the maximum value of the true 
strength is obtained by putting a = 1, and the values 
so obtained are very much smaller than the theoretical 
maximum strengths calculated from elastic theory. 

In the case of steel, Syax. = 68-7 tons/sq. in., and 
this agrees very closely with the value of the so-called 
technical cohesive strength, as calculated by the 
method of Kuntze, which for mild steels of this quality 
gives values of 69 to 70 tons/sq. in. 

It seems that Syy,x. is a characteristic strength 
for materials, since a cold-drawn copper bar, while 


Table II 


RESULTS FOR COPPER 
a = 6015, 8 = 7°15 








of Area, % tons/eq. ta, Sis» &) 2So 

1 0 -0967 11-90 0 -4180 28 -46 
2 0 -1493 14-59 0 -5222 27 -94 
3 0 -1855 16 -18 0 -5736 28 -20 
4 0 -2298 17 -60 0-6241 28 -20 
5 0 -2562 18 -37 0 -6515 28 -19 
6 0 -2905 19 -22 0 -6843 28 -08 
7 0 -3470 20 -75 0 -7360 28 -19 
8 0 -3910 21 -90 0 -7762 28 -21 
9 0 -4470 23 -38 0 -8288 28 -20 
10 0 -5090 25-10 0 -8901 28 -19 
11 0 -5580 26 -50 0 -9413 28 -15 
12 0 -6130 28 -10 1-0021 28 -05 
13 0 -6620 29 -80 1 -0595 28 -12 
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giving a very different curve from that of the annealed 
material, gave the same value of the constant 2S, 
as well as the same value for S,,,x. 

While the constant S, is a characteristic constant 
of the material, its exact significance is, as yet, 
not very clearly understood in relation to the inherent 
tensile properties. The sample of aluminium which 
was used to give the values of the coefficients and of S, 
was of special purity,* and when a comparison was 
made with the corresponding values derived from the 
plastic-extension curves of Taylor‘ for a single alumin- 
ium crystal, marked differences were found : 

2So0 B a 
Aluminium bar... 3... 7-81 «18-45 «17-21 
Single crystal (Taylor) ... 2-04 6-615 4-99 
It is clear that the crystal grain size influences all the 
coefficients and that the ratio of increase is about the 
same for S, and a, but not for 8. 

This question of grain size and its effect on physical 
properties is one that has long been prominent in the 
minds of metallurgists, but in the main it has been 
discussed only in a qualitative way. 

If we think of the crystal grains as the cross-section 
of small hexagonal cylinders pulled axially, the 
perimeter will be 6a, where a is the length of a side, 
and the force of surface tension to be overcome is 6ay. 

The area of the hexagon is 3+/3a?, so that the stress 
due to surface tension, which must be added to the 
single crystal strength S,, is : 

Eg 

V3 a’ 
In terms of N, the number of grains per unit area, 
the total stress is : 

S = S, + 2-632yVN............ vast) 

Actually this relation between the strength and »/ NV 
was discovered empirically in 1925 for non-ferrous 
metals by Angus and Summers,’ but its importance 
seems to have escaped the attention of metallurgists. 

Many changes in the physical properties of metals 
with temperature are made clearer by considering 
them as a consequence of changes in surface tension. 
Indeed, I have come to the conclusion that the hard- 
ening of metals by plastic deformation is wholly due 
to the creation of new surfaces at slip planes and the 
consequent increase in the contribution of the surface- 
tension forces arising from the increase in boundary 
lines. 

3. VARIATIONS IN PLASTIC BEHAVIOUR 

The fundamental correctness of any theory may be 
judged by the extent to which it can account for 
departures from normal behaviour under conditions 
similar to those for which it was derived. 

Materials under stress exhibit a great diversity in 
this respect. They can be brittle and show no 
apparent plasticity at all, or they can extend almost 
indefinitely under stress, like tar. Even the same 
material can vary enormously in its properties at 
different temperatures. 

In equation (6) there are two coefficients, b and c, 
and one constant S,, but the character of the equation 
is determined solely by 6 and c. It is, therefore, a 





*I am indebted to Dr. Boyles of I.C.1., Ltd., 
Metals Division, for supplying me with this sample. 
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matter of interest to examine the consequences of 
changes in the magnitude and sign of these coefficients. 

Take the case where c? = 0, and therefore « = 8. 
The equation reduces to the simple exponential form : 

ef Pt (RO ac.) Lae Serre ed eee (9) 

The extension of a film made from farina starch 
tested in air with a relative humidity of 66%° con- 
forms to these conditions very well, having values 
of 8 = 0-550 and a = 0-534. Figure 4 shows the 
experimental points in relation to the curve 

B mn B DB OM) oi icccccsisccs (10) 
and illustrates the close correspondence. 

In such films, and in many fibres, the stress/exten- 
sion curves are considerably affected by the relative 
humidity of the air in which they are tested, and 
from the trend of the effect it can be at once deduced 
that in the presence of moisture the value of the 
coefficient c2 becomes smaller until, as in the above 
case of farina starch, it is practically zero. 

The next type of curve to be considered is the case 
where « = 0 and the equation becomes : 

SF ae BS MIN Pe sels 5.2 os. eee sks (iz) 


It is found that a number of materials conform to this, 
such as rock salt® at 200°C. and single crystals of 
non-cubic metals like magnesium and zinc. In 
ordinary temperatures rock salt is brittle, but Joffé 
found that it behaved plastically when tested at 
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Fig. 4—Stress-extension curve for farina starch 
(Neale). Full line curve is (1 — e—1!-04a) 


200° C. and the curve which follows his experimental 
results, expressing the strength in kilograms per square 
millimetre, is : 

S = 0-263 sinh(4-00a) —..........0000. (12) 
His experimental values are plotted against sinh 
(4-00a) in Fig. 5. 

Schmid" drew attention to the differences in the 
behaviour of metallic single crystals under shear. 
His diagram is reproduced in Fig. 6 and indicates 
clearly two types of response. In cubic metals 
like gold, nickel, copper, and aluminium, the stress 
increases rapidly with shear, but the rate of increase 
falls away as the amount of shear becomes greater. 
The non-cubic metals like magnesium, zinc, cadmium, 
and tin, show a poor resistance to shear but a resistance 
which goes on steadily increasing with the extent of 
shear. 

The varying values of the coefficient b at once 
explain these differences in behaviour. Moderate 
or large values of b give rise to the cubic lattice type 
and small or zero values to the non-cubic type of 
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curve. A similar difference is shown in the variation 
of hardness with pressure. Ball or pyramid hard- 
nesses are essentially determinations of true stress, 
and with cubic metals the hardness falls away with 
increased indentation but it increases with non- 
cubic crystals. The following illustrative examples 
(O’Neill!?) confirm the corresponding behaviour 


found by Schmid : 
Copper Cadmium 
Dia., mm. Hardness Dia., mm. Hardness 
0 -526 67 -0 0 -0773 21 -2 
0 -765 63 -2 0 -0920 21-5 
0 -943 62 -6 0-104 21-9 
1 -230 61-3 0-124 22 -6 
1-768 59 -3 0-163 23 -4 


It will also be of interest to give a further example of 
the identity between hardness and true stress and 
to show that equation (6) is also applicable to hardness 
values ; for this purpose the increase in hardness of a 
steel strip after various reductions in thickness by 
cold-rolling can be mentioned. The results given 
below are those of Kenyon and Burns!® and they 
show the uniformity of 2H,, the constant correspond- 
ing to 2S, in the equation. 

Reduction in 





Thickness, % AH S (a, B) 2H, 
5 10 -6 0 -2121 49 -9 
10 17-4 0 -3476 50-0 
15 21-7 0 -4366 49-7 
20 24-1 0 -4977 48-4 
30 28-8 0 -5766 49 -9 
40 31-2 0 -6306 49-5 
50 34-0 0 -6771 50 -2 
60 35-8 0 -7225 49-5 
a = 4-683, B = 5-218 
= 
= 
0 
< 
oO 
= 
” 
wd 
= 20 30 
ag SINH 40a 


Fig. 5— Stress plotted against sinh(4-0a) for rock salt 
at 200° C., from results of Joffe 


A determination of the hardness for 5, 10, and 
15% would enable the hardness for any degree of 
cold reduction to be calculated with accuracy, as 
well as the maximum hardness to which the materia] 
could be hardened by cold work. 


4. BRITTLENESS AND PLASTICITY 


It is natural to think that in close-packed structures, 
such as most metals possess, any permanent deforma- 
tion will have the effect of forcing the atoms further 
away from one another and so lead to an expansion 
of volume. Other materials exist in which the atoms 
are not close-packed and it is conceivable that deforma- 
tion in such cases may have the opposite effect. 
Since the extension must be positive the change ia 
cross-sectional area and consequently the value 
of c? must be negative. For such cases the solution 
of equation (3) becomes : 

S = 28,.e° 8 sinhy/b? — ¢2.0 

The family of curves to which equation (13) gives 
rise is shown in Fig. 7. In general the stress rises to 
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Fig. 6—Stress/extension curves for single crystals of 
various metals (Schmidt) 


a maximum and then falls with increasing contraction 
of area, the rate of fall depending on the ratio of 
ato 8. This behaviour will result in a negative value 
of dS/d@ and thus in instability, so that fracture will 
take place rapidly. 

Materials of this class, compressed by a uniform 
fluid pressure, will become more close-packed due 
to the action of the pressure and could be expected 
to approximate more nearly to close-packed metals 
in their plastic behaviour in consequence. 

A very excellent confirmation of this deduction is 
found in the case of marble, which has been examined 
under compression in this way by von Karman,14 
some of whose results for different pressures are 
reproduced in Fig. 8. They show clearly with increas- 
ing pressure the transition from the brittle state 
to the normal behaviour of a plastic material. 

I have found from these curves the coefficients 
a and § to correspond to equation (13) and have 
determined that 8? and «? give a straight line when 
plotted against the externa] pressure (Fig. 9). In 
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a>B Fig. 8—Compression curves 
for marble under fluid 
pressure (von Karman) 
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(Fig. 9) 


Fig. 9—Variation with pressure of coefficients q and 8 
from compression of marble 
Fig. 10—Variation of c? with pressure. A positive value 
of c? corresponds to plastic behaviour and a nega- 
tive value leads to brittle behaviour 





Fig. 10) 


consequence, a? — B?=c? also gives a straight- 
line relation and it is proved that the effect of pressure 
changes c? from a negative to a positive value (Fig. 10). 
The shaded area in Fig. 10 where c? is negative covers 
the range of brittleness. At a pressure of 1120 atm. 
c*? = 0, and from that pressure upwards marble is 
plastic. 

Other instances of an analogous nature can be 
cited. Bismuth is normally a brittle metal and 
yet it can be extruded under pressure into wire without 
showing any signs of brittleness, although such wire 
will revert with time to the brittle condition. 

Answers can now be given to some very important 
questions concerning the reverse transition from 
the plastic to the brittle state. If positive fluid 
pressure makes an inherently brittle material plastic, 
then negative fluid pressure, that is, a volumetric 
tension stress, will convert a normally plastic material 
into a brittle one. 

Clearly we can now understand better Haigh’s 
theory of the triple tensile stress, which is but another 
name for a state of uniform volumetric tension stress. 
It does not necessarily cause brittle fracture by itself— 
there is no need to assume that—but if it is sufficient 
to make c? negative within any small volume in a 
material, then application of any further stress 
added to that already in that volume will give rise to 
brittle behaviour of the material within that region. 

It can also be seen at once that if the temperature 
dependence of 6? and c? differed, a similar set of circum- 
stances might arise. If, for instance, b? was constant 
and c®?=c%(1— T/T), then for temperatures 
above 7', the transition temperature, c? would be 
positive and the material would behave plastically, 
while at all temperatures below the transition tempera- 
ture c* would be negative and the material would be 
brittle. 

Such behaviour in steel is a mattter of special interest 
at the present time owing to its practical importance 
in shipbuilding. Similar behaviour in zinc is not so 
widely known but the transition temperature in this 
metal is particularly sharp, and I reproduce in Fig.11 
an impact/temperature curve taken from a paper by 
Erdmann-Jesnitzer and Hahnemann! on this metal. 

The logical extension of the above temperature 
relation would lead at low temperatures, not only to 
c? becoming negative, but even 6? — c?, so that 
62 = b? — c® would become imaginary. The hyper- 
bolic functions then change to trigonometrical func- 
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tions and equation (14) represents an ordinary damped 
vibration : 
S = 28o.c °° sinc? — b7.0.......00.0 (14) 
A material satisfying this condition could not be 
cold-worked since displacement will only lead to a 
vibrational stress of decreasing amplitude. 


5. THE BEHAVIOUR OF RUBBER 


The peculiar elasticity of rubber has long been an 
intriguing problem and since the assumptions which 
have been put forward and which have given a better 
insight into plastic behaviour are of general applic- 
cation, it was natural to examine the case of rubber 
from the same point of view. 

When rubber is stretched there are very large 
volume changes—with 300% extension they amount 
to about 14%. For any bar of volume V = 41]: 


erga eg, Bevery, gl) sol ey, (15) 
V A l 
and at constant volume 
dis A 
l A 


so that when a volume change takes place it can be 
assumed to be a second-order difference. Since the 
variable in previous cases is the contraction a at 
constant volume (a = x/[1+ 2], where 2 is the 
extension), consistency with previous assumptions 
for second-order differences requires that : 


> = Y* (da)? a arcebusaseheuueves (16 
which leads to the simple equation : 
a PEEOMNEI, See cue eb anaes esos (17 


J 
for which the appropriate solution is : 
Y.-S SID 9 is oss sssecses0c0ee (18) 
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Fig. 11—Transition from 
plastic to brittle be- 
haviour in zinc 
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That the change in volume is directly proportional 
to the fraction @ of displaced atoms after cold work is 
an assumption which has already been made in the 
first section, and it enabled @ to be directly related 
to a. In this more general case, § would vary as 
sinh ya and since the maximum value of § must be 
unity when a = 1, we get immediately : 

oe, = (19) 
sinh y 
Direct substitution of this value for § can now be 
made in equation (4), giving the most general case 
for the variation of stress with the contraction when 
deformation is accompanied by large changes in vol- 
ume. 

It will be seen that equation (19) reduces to the 
simpler form of relation in Section 1 when y is small, 
when sinh ya can be replaced by ya and sinh y by y. 
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The volume expansion of rubber with extension 
has been measured by Vogl and Evans,!® and I find 
their results are well represented by equation (19) 
in the form : 

V — Vo sinh 8 -76a 
—y (= 12-5 hee 

As a measure of the contraction the ratio z/(100 + z) 
was used, x being the percentage extension (Fig. 12). 
It is interesting to note in passing that, after a 600% 
extension, the proportion of atoms displaced from 
their normal positions is about 30%. 

The change in the specific volume of iron after 
cold drawing is also well represented by equation 
(19), as shown from the following results of Maier!” 
up to 84% reduction : 





Reduction of Av x 10° AV x 10* 
Area, % obs. calc. 

15-0 35 32 

30-0 q, . 

54-5 25, 25, 

67 -5 47 45, 

78-0 72 73 

84-0 96 95, 
‘ sinh 4-47a 
domed oo. 


Beyond 84% reduction the density falls away 
rapidly, indicating overdrawing or surface-tension 
effects. 

In estimating the stress/contraction curve, it is a 
necessary part of the theory that the value of y obtained 
from the change-in- volume experiments should be used 
when determining the coefficients « and 8 in equation 
(4), and it is indeed found that using this same value 
enables the true stress curve for rubber to be fitted 
exactly to equation (4) with 

259 = 572-4, w = 8-22, B = 20-00 
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12—Volume change in rubber, showing pro- 
portionality to sinh ya 
Fig. 13—-Stress values for rubber, showing propor- 


tionality to Zia, B) 


Fig. 


The straight line given when S is plotted against 
Z(«, 8) is reproduced in Fig. 13, and covers extensions 
up to 650% for a sample of rubber reported in Inter- 
national Critical Tables, vol. IT, p. 266. 

Plastic sulphur is another interesting substance 
which conforms to the general equation, even up to 
1000% extension. When newly made, the coefficient 
a is zero, but after being allowed to stand hardening 
occurs and the magnitude of « steadily increases with 
the time of standing. It would appear to be a very 
suitable substance for the study of the change from 
a plastic to a crystallo-plastic state. 

The shape of the strength/diameter curves for 
glass is similar to those for rubber, and since glass 
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fibres, as ordinarily made, are in a severely cold-worked 
state it may also follow a similar course in its stress 
behaviour. The relation(19) results, for high values 
of y, in an exceedingly high rate of increase for the 
stress as a approaches unity—that is, as the diameter 
becomes very small—and it will be of great interest to 
find if the very high strength of thin glass fibres is, 
after all, a natural consequence of cold work in a 
material with a large specific volume change on 
deformation. 


6. CREEP UNDER CONSTANT LOAD 


Many attempts have been made to explain the 
behaviour of materials under prolonged constant 
stress—conditions which arise frequently in engineer- 
ing practice. These attempts have not been sucessful, 
in my opinion, because creep has been regarded as 
a consequence of plastic flow and such assumptions 
as were made were based on the properties of viscous 
materials. 

[have come to the view that creep is solely the result 
of diffusion processes, so that any theory of creep 
must be based on the theory of diffusion. The 
fundamental equation for diffusion under a uniform 
gradient is : 

a? = 2Dt, or e = V2Di......ceccoeces (20) 


where D is the diffusion constant. For a single 
substance D is the coefficient of self-diffusion which 
may be taken as u/p, where wu is the viscosity and a 
is the density. 

In materials under constant load two diffusion 
processes are operating : (i) Axial diffusion where the 
atoms are migrating along the axis of the bar under a 
constant load, and (ii) cross-sectional or contractional 
diffusion where the atoms are moving inwards and 
towards the centre of the bar from the outside under 
a stress gradient. The displacement of material 
arising from contractional diffusion will, of course, 
give rise also to elongation of the test bar. 

The atoms which are diffusing along the axis must 
all come from the original space occupied by the bar 
so that, as the bar elongates and they have further 
to travel, the rate of transfer slows down. This 
slowing down can be expressed in terms of the distance 
y = \/2Dt which an atom can travel in time ¢, and the 
relaxation time t,, for the structure of the material in 
which the atom forms a part. This relaxation time 
will have a corresponding unit of distance b = 1/2Dt,, 
and the extension which takes place in an interval 
d/t (using the square root of the time as the most 
convenient variable) and which at the commencement 


would be dz = ,/2Dt, becomes, after the lapse of time 
t: 


; a 
dy = AV. 2D. ~ = AV 2D. wu ea 


y + * 


But y/b = /t/t, and dividing by 6, equation (21) 


beeomes : 
, ] 
dix Pg peas 
+ ls dVtN bt’ 1 4 VJ" 
which can be at once integrated to give : 
x, = blog (1 
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Fig. 14—Curves given by log (1 + +/t) and — log (1 — ft) 
Fig. 15—Theoretical creep curve obtained by adding 
curves in Fig. 14 




















Similar reasoning can be applied to the contractional 
diffusion of atoms from the surface, but since a stress 
gradient equal to aW/r is involved (co being Poisson’s 
ratio), we must consider variations of r? in relation to 
the time. As the bar contracts, the surface atoms 
have a shorter distance to travel to reach the centre 
so that the diffusion rate is now speeded-up as the 
test continues, instead of being slowed-down as in 
the previous case. 

So, if z? is the reduction of area by diffusion in time 
t, and c? is an area corresponding to the relaxation 
time ¢,, the amount by which the contraction of area 
a is increased in the interval dt will be : 

da = 2D.dt. =“ ~ a (23) 
Integrating and replacing a by its corresponding 
extension on the test bar : 


az, = — B.log (1 _ i) 
2 


The total creep will be the sum of these two extensions: 


2 sb log (1 fl / x) ~ B ibe (1 y 7.) (24) 
i, f, 


where the relaxation times are given by : 
t, = adil f. p.c* 
BH u 

I shall give a few illustrations to show how exactly 
the course of the experimentally determined creep 
values for various materials can be reproduced by 
these two expressions. Whilst it does not pertain to 
my subject this evening, it is of interest to note that 
they are also solutions of the cognate problem of 


the scaling of metals at high temperatures. For ~ 


a sheet the thickness of scale is the function 
log (1 + +/t/t,) while for a wire the thickness varies as 
— log (1 —- t/t,). The increase in weight due to scaling 
depends in consequence on the shape of the test 
sample. 

The type of curve resulting from each expression 
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is shown in Fig. 14. Combined, they give the fam- 
iliar shape of creep curves (Fig. 15). The commence- 
ment of creep is dominated by the axial creep pro- 
portional to 4/t, and an examination of this region 
has shown that A is proportional to the initial exten- 
sion x, so that plotting /x, against ¢ gives congruent 
curves for different stresses. This also proves that 
t, is a constant which is independent of the stress. 

As an illustration, the single creep curve for a 
plastic'® under three different stresses is given in 
Fig. 16, and the extension 2/x, gives a straight-line 
relation with log (1 + 9g+/t) (Fig. 17) with g = 0-085. 

With low stresses contractional creep becomes 
negligible and axial creep alone continues. An 
excellent example of this is given by a molybdenum- 
vanadium steel under a stress of 6 tons/sq. in. at 
550°C., whose extension over a period of 20,000 hr. 
was measured by Mr. J. Glen. The extension over 
this long period can be represented well by 
x = 0-2900 log (1 + 0-01135 +/t) (Fig. 18). 

In complex steels of this nature it is sometimes 
difficult to separate from the extension at the com- 
mencement effects due to internal physical changes 
which also cause dilatational variations, but properly 
devised experiments will in due course permit this 
to be done. Meantime it can be said that there is no 
indication that axial creep can lead to failure or 
rupture of the test bar. After the initial plastic 
extension it continues indefinitely with the bar 
extending at a continually decreasing rate. It 
is only from contractional creep that failure results. 

To examine the second stage of creep, the results of 
McKeown’s’® work on pure lead have been chosen. 
Deducting the axial creep extension, the difference 
should be proportional to — log (1 — 3.t), with A 
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Fig. 16—Creep curves for plastic material at three 
stresses in terms of initial extension 
Fig. 17—Creep extensions for plastic plotted against 
log (1 +- 0-085+/t) 
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a constant, and this is found to be the case from his 
curves (Fig. 19). It is possible to fit coefficients 
accurately only to the higher stress curves, since 
this can be done only where the curve shows a pro- 
nounced upward bend. 

From these experiments it is found that B is a 
constant which is independent of the stress, but 
that the life or duration time t, conforms to the expres- 


sion : 
S2 Ww om 
33 7 log (: t ) ee 2 eee en (25) 
with S, = 520 Ib., w = 4300, as shown by the 
following : 
Stress, Ib. Life So 
1482 520 -2 
500 585 520-8 
600 210 520-0 
700 68* 518 -9 


* Life as determined from curve in Fig. 19 


This relation between the life under any given stress 
is an important one since it permits the calculation 
of the stress necessary to cause rupture in any stated 
period. For the sample referred to, for instance, 
the stresses required would be as follows : 


To Break in: Lb. 
GRY: <<. yee 991 

1 hr. 1164 

1 min. 1355 

1 sec. 1522 


Once the period is determined the breaking stress 
is known, and by using a factor of safety, designers 
will be able at once to obtain the information they 
require for a safe working stress. 

The most important consequence of the diffusion 
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Fig. 18—Creep extension for Mo-V steel under 6 tons 
sq. in. at 550° C., covering 20,000 hr. 


Fig. 19—Creep extension of lead under 700 Ib./sq. in., 
and showing the part of the extension which leads 
to failure, plotted against — log (1 — t/t.) 
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creep theory is that there is no place in it for any 
limiting creep stress. Theoretically, any load must 
ultimately cause fracture, but the period required 
may be of so long a duration that for all practical 
purposes some stresses will be regarded as safe stresses. 

It substitutes, in place of the limiting creep stress, 
a critical life for each stress, at the end of which 
failure takes place. Creep rates are therefore, in 
themselves, no longer of any importance. 

In equation (25) the effect of temperature enters 
into the expression through 1/t, = w/ec*, and since 
the viscosity can be put to a first approximation as : 

E 


kT oR 
fb = ig —— cccccccccccccccccccccees 26) 


this can be used to connect the stress, the critical 
life, and the temperature in one simple expression. 
This forms in itself, however, another field of enquiry 
which I must not enter into this evening. 


hi concluding this Lecture, I trust that the ideas 
which I have put before you this evening will now place 
the theory of plastic behaviour on a firmer foundation 
and will lead to further advances in our knowledge 
of this important subject ; and I hope this record will 
remain as a personal tribute to the memory and 
the work of Dr. Hatfield. 
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ANDREW CARNEGIE RESEARCH REPORT 


The Compression Test in Relation to 
Cold Rolling 


By N. H. Polakowski, Dipl.Ing. 


SYNOPSIS 


In Part | the significance of the static compression test is discussed, and the wide discrepancies in the 
existing comparative data are emphasized. Most of the methods previously used for the determination 
of the fundamental yield stress curve are reviewed, and sources of error are analysed. 

A multi-stage method of conducting a test by repeatedly remachining the specimens after approximately 
25% compression is described. By this method deformation of 90% reduction or more may be obtained 
under almost uni-axial conditions, and barrelling is practically eliminated. Yield stress curves of commercial 
aluminium, copper, Armco ingot iron, carbon steels containing 0-07, 0-10, 0-16, 0-28, and 0-44% of 
carbon, and two low-alloy steels, both in the as-rolled and annealed conditions, were established to between 





83 and 91% deformation. 


These tests show that this resistance to homogeneous compression is higher than the values obtained 
by other methods. For a wide range of conditions increasing friction at the platens causes an appreciable 
drop of resistance to deformation (up to about 10%), and this is confirmed by a comprehensive series of 


comparative experiments. 


In Part ll the compression test is analysed in regard to the initial critical shape of the specimens and 
the subsequent elastic deformation of the compressing tools at high stresses. This critical shape can also be 
reached during compression of tall specimens and is accompanied by a peculiar change in the qualitative 


relationship between friction and compressive stress. 


These deductions are applied to cold rolling, where the thickness of the stock corresponds to the 
initial-shape properties of the compressed test-piece, and heavy drafts represent heavy compressions. 

The results of cold-rolling experiments published by Ford and others are discussed, and an explanation 
is given of various phenomena which are apparently contradictory and unrelated to each other. 

Some peculiar relations between external friction, roll force, torque, work of deformation, and the 
speed effects are explained by a new interpretation of the yield stress diagram in compression, without 
involving any supplementary assumptions regarding the possible effects of the rate of deformation and 
temperature on the yield stress value. Some of the existing quantitative rolling theories and the limitations 


of their applicability are reviewed. 


PARTI. EXPERIMENTS INHOMOGENEOUS 
COMPRESSION 
GENERAL ASPECTS OF THE COMPRESSION 
TEST 

LTHOUGH less common than the tensile test, the 

compression test has been the subject of investi- 

gation for a long period, and it is proposed to 

consider some of the published work. Various investi- 

gators have, for the same materials, quoted values 

which differ greatly, and which are often contradictory. 

This applies to the experimental technique as well 
as to the interpretation of the results. 

Attempts to reconcile experimental data and 
mathematical deductions are rendered extremely 
difficult by uncertainty in the values of the funda- 
mental plastic characteristics of any given material, 
and the ease with which even obviously defective 
formule can be made to appear reasonable by choice 
of data which may vary within limits as wide as 
10 and 35%. 

Arbitrary correction factors applied by individual 
investigators, in attempting to justify assumptions 
often based on premises of doubtful validity, are 
liable to lead to further error. 


THE BASIC YIELD STRESS CURVE 


The fundamental characteristic of a ductile material, 
from the viewpoint of shaping technology, is the 
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relation between the degree of deformation (strain) 
and the load per unit area (stress). 

Contrary to the tensile test, in which the ultimate 
tensile strength is practically independent of the 
length of the specimen (above a certain minimum 
ratio of length to diameter), the shape of the stress/ 
strain curve in compression is very strongly influenced 
by the friction between its end surfaces and the 
pressing platens. Figures la and 6! show stress/strain 
diagrams of cylindrical specimens of different h,/d, 
ratios, compressed between relatively rough and very 
smooth tools, the flatter curves obviously representing 
the specimens with higher h,/d, ratios. 

In spite of such a wide range of results, it is 
generally accepted that for every plastic material 
there is some fundamental stress/strain relationship, 
which could be obtained if it were possible to avoid 
or compensate for the friction on the contact surfaces. 
Under these conditions a test-piece, under compres- 
sion loading such that the yield point is passed, 
would behave somewhat like a telescopic tube, 
shortening and spreading, but preserving an exactly 
cylindrical shape. A single curve, unaffected by the 
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h/d ratio, will represent such an idealized process, 
and replace the large number otherwise obtained. 

This will be the ‘basic’ or ‘true’ yield stress 
curve, or the curve of resistance to homogeneous 
(or uni-axial) compression. (See Fig. la and 6.) 


COMPARISON OF PUBLISHED EXPERIMENTAL 
RESULTS 

Many ingenious methods have been used to avoid 
or eliminate the effect of end-face friction in com- 
pression tests, but only one result for steel could be 
traced where the fina] deformation exceeded 60-65%. 
Data for non-ferrous metals are also meagre. 

It is for this reason that yield-stress curves obtained 
from tensile tests are often used instead, and they 
are therefore also included in Tables I and II. 

Although the differences are somewhat reasonable 
for copper (except for the values of Cook and Larke) 
the position becomes confusing when the values for 
steel in Table II, with its obvious discrepancies and 
contradictions, are examined. It is quite evident 
that there is much uncertainty about the basic 
work-hardening properties of most of the common 
engineering materials. 

Such data on deformation in compression are of 
interest not only scientifically, but also in practical 
applications in modern cold reduction mills, such as 
the tandem, Steckel, Krause, Rockrite, and some other 
systems, when deformation is up to 90°, or more. 


REQUIREMENTS OF A COMPRESSION TEST 

The following are the requirements to be fulfilled 
by a testing method to determine the yield stress 
curve in compression : 

(1) The results must be reproducible and unam- 
biguous, 7.e., the scatter of the experimental results, 
assuming that the material is reasonably homogeneous, 
should be less than, say, + 5%. 

(2) The method must give values directly from 
experimental results over the widest practicable 
range of deformation (90% or even more). Extra- 
polation should be avoided, since it involves further 
possibility of error. 

(3) Operation of the test must be simple, with 
reasonable tolerances for specimen dimensions and 
platen finish. 

(4) Standard testing apparatus and machining 
equipment should be used. 
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Fig. 1—(a) Compression curves for copper cylinders, 
having a diameter of 0-5 in., of various heights, 
and pressed between turned tools. (Fig. 3 of Cook 
and Larke'); (6) Compression curves for copper 
cylinders pressed between lapped tools. (Fig. 15 
of Cook and Larke!) 


(5) The time required must be short, and the 
number of operations few. 

The simultaneous fulfilment of all these conditions 
is difficult, but in the author’s opinion, concessions 
are possible only in respect of (4) and (5). 

REVIEW OF PUBLISHED EXPERIMENTAL 
METHODS 
Rummel? and Meyer and Nehl® 

The method, based upon deductions from the 
experiments of Rummel, assumed that if soft com- 
pression pieces were placed between the platens and 
the test-piece they would spread with it, and there 
would be no relative movement between the ‘ soft 











Table I 
COMPARATIVE YIELD STRESS VALUES OF COPPER 
Deformation, °, 
Method 

10 20 30 40 | 50 | 60 | 70 | 80 | 85 | 90 

Ludwik and Scheu! | 11-0 | 16-5 | 19-4 | 21-9 | 24-5 | 28-8 Compression and 
tensile 

K6érber and Miiller® | 11-9 | 16-3 | 19-5 | 21-5 | 23-0 | 25-2 | 27-0 “A Be. 
Siebel and Pomp’ ...| 11-9 | 16-9 | 20-1 | 22-4 | 24-3 | 25-9] ... oe aad aye Compression 
Taylor and Quinney" 11-6 | 16-8 | 19-7 | 21-7 | 23-2 | 24-3 | 25-3 | 26-0 | 26-0 | 26-1 - 
Cook and Larke?! .| 11-4 | 15-8 | 18-7 | 20-2 | 21-3 | 22-0 i ae Sei oe - 
Ford!5*... re 19-0 | 22-8 | 24-0 | 25-2 | 26-5 | 27-4 | 28-4 | 29-5 | 30-0] .... ‘“ 
Ford! ... 19.0 | 22-8 | 24-0 | 26-6 | 27-5 | 28-8 | 30-5 | 32-7; ... | 40-0 ” 
Ford® ... aie 14.6 | 18-7 | 21-5 | 23-3 | 24-7 | 26-4 | 27-6 | 28-6 | 29-2 | 30-0 | Tensile 
Present research 12-2 | 17-0 | 20-2 | 22-1 | 23-2 | 24-8 | 25-9 | 27-5 | 28-6 | 30-9 | Compression 
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* Strip 0-10 in. 


thick. 


+ Strip 0-075 in. thick. 


JOURNAL OF 


THE IRON AND STEEL INSTITUTE 





252 POLAKOWSKI : THE COMPRESSION TEST IN RELATION TO COLD ROLLING 


| : : 


to soft ’’ contact surfaces, thus eliminating the effect 
of friction. Obviously, the intermediate pieces had 
to be made from the same material as the test-piece, 
and had to be of the same diameter. (See Fig. 2a.) 
The central piece should then have deformed uni- 
axially, without bulging. (See Fig. 26.) 

Meyer and Nehl suggested that this would be so 
until the cone-shaped zone of less deformed material, 
adjacent to the surface of the tool, reached the contact 
face C, as it would at some stage, owing to the 
flattening and spreading of the compression pieces. 
(See Fig. 2c.) Subsequently, the cone would penetrate 
the centre test-piece with a wedge effect, the homo- 
geneity would cease, and barrelling would appear. 
(See Fig. 2d.) The compression pieces should, there- 
fore, be as thick as possible. The maximum deforma- 
tion, of 39-5%, without barrelling was obtained with 
a set consisting of two compression pieces, each 15 mm. 
high, and a test-piece 20 mm. high. For this method, 
the result was high, but low when considered by itself. 
With a diameter of 18 mm. and a total height of 
50 mm. at the commencement, the h,/d, ratio was 
such that very careful preparation was necessary to 
avoid collapse under load. Such a column of three 
pieces is extremely unstable when h,/d, is more than 
2-5. 

No information is given by Meyer and Nehl 
concerning the influence of progressive compression 
on the condition of the end faces of the test-piece. 
Their photograph of the specimen after 40% com- 
pression shows it in the complete assembly with the 
compression pieces, and the internal contact surfaces 
cannot be seen. 

The fact that the contact surface between two 
identical cylinders remains flat during compression 
(Fig. 3a), does not imply that this three-piece assembly 
will behave in the same way. Such a surface, except 
when at the plane of symmetry of the system, will 
become curved to a degree proportionate to the 
distance from this plane. 

Figure 36 shows that the edge of a cylindrical 
base piece, when compressed with varying degree of 
frictional resistance to spread at the ends,* tilts over 
instead of travelling along the theoretical hyperbola 
V = x(d?/4)h, but the central portion will be deformed 
to a lesser degree than that theoretically required, as 
can be seen by comparison with the outlines of the 
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Fig. 2—Stages of deformation of a triple specimen, 
according to Meyer and Nehl* 
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Fig. 3—Distortion of the contact surface between the 
pieces of: (a) a double specimen, and (6) a triple 
specimen (base-piece only shown) 


idealized contours (indicated by a broken line) after 
various degrees of frictionless compression. 

Careful tests by the author on triple specimens 
have shown a distinct concavity on the ends of the 
test-piece (and convexity on the supporting pieces) 
at a deformation as slight as 10%, and at about 
35% of the total decrease of height. The specimen 
was similar to that shown in Fig. 4. The instan- 
taneous height of the specimen used in the method 





* Knein* has shown that a compressed body will 
adhere to the face of the tool if » is high enough, and 
that this minimum value of the coefficient of friction is 
a function of Poisson’s number (m). The formula 
pw = 1/m gives a very good approximation of the correct 
expression, which is complicated. In the case of metals 
m may vary between 3 and 4, and therefore p = 0-4 
is used as a safe value throughout the paper, thus 
emphasizing its high value. 

































































Table II 
COMPARATIVE YIELD STRESS VALUES OF STEEL 
Deformation, °% 
Material . Method 
| 
0 5 10 20 | 30 | 40 50 60 70 | 80 | 8s 90 
Sachs and Horn“ . || 0-1°, C, cold rolled 12:5 | 15-6 | 19-2 | 24-6 | 27-7 | 29-9 | 32-2 | 34-0 | 37-0 bs ar *4 Tensile 
Ford" a 10 C, » * 16°8 | 21-5 | 26-5 | 33-6 | 37-1 | 39-4 | 41-2 | 43-2 | 46-5 | 51-8 - J ” 
Present research 0-10°, C, annealed 13-5 | 20-0 | 25-6 | 32-4 | 36-3 | 38-8 | 41:5 | 44-4 | 47°5 | 51-1 | 53-0 | 55-5 | Compression 
Siebel and Pomp‘ | 0-20°, C, as rolled 20-3 | 30-5 | 37-8 | 43-8 | 48-0 | 50-8 | 53-7 | 55-6 ‘ye > a oy ” 
Ford ca ..| 0-20% C, annealed 15-1 | 26-6 | 33:3 | 39-2 | 43-0 | 46-0 | 48-6 | 50-0 | 54-2 | 57-1 | 60-7 | 69-0 ie 
Present research 0-18%C, ,, 13:5 | 24-0 | 29-5 | 35-4 | 39-1 | 41-9 | 44-7 | 47-7 | 51-0 | 55-1 | 57-4 | 60-7 99 
Sachs and Horn*’. .| 0-3°% C, cold rolled 21-4 | 23-5 | 25-9 | 31:3 | 34-6 | 39-5 | 41-6 | 43-8 | 45-5 - ch as Tensile 
Present research 0-28%, C, annealed 20-6 | 32-6 | 40-1 | 47-4 | 51-2 | 54-5 | 57-1 | 60-7 | 64-0 | 68-5 | 70-6 | 73-0 | Compression 
Siebel and Pomp* | 0-40°, C, as-rolled 26-6 | 39-7 | 45-6 | 50-9 | 54-8 | 57-5 | 60-4 | 62-4 a i. ise oe + 
Kérber and Miller’) 0-41°, C, annealed 21-3 | 24-8 | 29:2 | 33-0 | 35-0 | 37-5 | 39-7 . om os vr Tensile 
Present research 0-445%C, 23-7 | 41-0 | 48-9 | 56-9 | 61-2 | 65-1 | 68-8 | 72:3 | 76-0 | 81-0 | 84-0 Compression 
Sachs and Horn*’. || 0.5% C, cold rolled ©, 29-9 | 33:0 | 38-9 | 41-1°] .. re * ri + ee fe Tensile 
Sachs and Horn". || 0:7°, C, * 34-4 | 37'8 | 41-2 | 44-7 | 49-6 | 54-0 | 56-5 | 58-9 | 60-9 : P . ” 
* 25°. reduction. 
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described is a mean value only, without any very 
exact significance. 

It is also not clear how these authors measured 
this mean height, but it seems that it was calculated 
from measurements of the outside diameter, and 
this cannot be accepted as very accurate. 

It appears that this method is of historical value 
only, and it cannot be recommended for general 
use. Meyer and Nehl have, however, made some 
observations on the rise of the elastic limit in com- 
pression, caused by friction and the decrease of h/d 
ratio. Although the author disagrees with some of 
their deductions, this fact, as such, is of considerable 
importance and will be discussed later. 

Korber and Miiller® 

The experiments of Kérber and Miiller have been 
devoted mainly to tensile tests, but they may be of 
interest, as the yield stress curve obtained from 
such tests is also used as a ‘ basic’ curve (page 256). 
Some compression tests carried out by the same 
authors on copper, aluminium, and lead have been 
analysed by a method very similar to that used by 
Cook and Larke, and which will be discussed later. 

It is known that local indentations, grooves, and 
notches raise the yield value in the adjacent region, 
so that AS, =f(A/An), where A is the cross- 
section area of the bar tested (Fig. 5a, 6, c). 

Korber and Miller attributed the increase, during 
necking, of the yield stress beyond its homogeneous 
value to the notch effect of the *‘ neck’ itself. They 
therefore determined the normal stress/strain curve 
of a standard specimen and then repeated the test 


with bars which had been turned to the profile of 


the original at intervals of 5 or 10% extension, 
starting from the point of maximum load. The 
increase of the initial yield stress (AS,), as found by 
the second series, was then subtracted from the 
stress value of the original bar at the appropriate 
degree of extension, to obtain a ‘fundamental’ curve. 

Both in tension and in compression the resulting 
values have been obtained by using indirect methods. 
Their applicability is limited by fracture in the 
tensile test, and between 60 and 70% seems to be 
the upper limit in compression. If slightly harder 
material is tested, say, steel with about 0-4% of 
carbon, cracks appear on the compressed cylinder 
between 55 and 60% deformation. 

The basic curves of copper, aluminium, and lead, 
obtained from tension and compression tests, were 


- 





Fig. 4 Fig.5 
Fig. 4—A triple specimen after approximately 35°, 
compression 


Fig. 5—Rise of the yield stress (AS,) caused by the 
‘ notch effect’ at the neck (Kérber and Miiller®) 
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virtually identical. The behaviour of copper is to 
some extent exceptional, and the difference between 
the tensile and compressive yield stress is small 


indeed, this being confirmed by comparative tests of 


others. It is a pity that Korber and Miiller did not 
undertake any compression tests on ferrous alloys, 
as they would have certainly found that the dis- 
crepancy is very large. 

No evidence was found of the application of these 
complicated and often misleading methods. 


Siebel and Pomp*.’ 

Siebel deduced a formula based on simplified 
assumptions which related the actual compressive 
stress, S, to the yield stress $,, the d/h ratio, the 
friction angle, d, and the base angle, «, of a specimen 
shown in Fig. 6: 


; 5 ld 
S= So[1 “> 3, tan(d - x)| 


If « = ¢, the right portion of the expression in 
the bracket is zero, and S=8S,. This method is 
often recommended as very reliable,*:* and the 
data accepted as cundamental, but it will be shown 
that even this method gives misleading results. 

The technique of the test is rather complicated, as 
several cones are needed, and a special jig to hold 


the specimens for remachining, as well as a set of 


special countersinking tools. 
The actual height of the test-piece cannot be 


satisfactorily determined. Assuming h = (h, + h;)/2 
there is a small error which increases with com- 


pression. To keep this error within reasonable limits, 
it was necessary to machine the periphery of the 
specimens after 35 to 38%, compression in order to 
bring them back to the initial (or nearly so) h/d 
ratio.* 

It can be seen from Fig. 7 that the compression 
curves run nearly parallel from the beginning of the 
test. For small deformations the influence of friction 
is negligible for specimens of the shape used by 
Siebel and Pomp, where h,/d, was 2 or slightly 
more. The discrepancy seems to be too great to be 
accounted for by consideration of the friction alone. 





* In a later work, Siebel and Pomp’ used cones with 
base angles of 3 to 4°, but in these cases the slope was 
not enough to neutralize the friction. Lubrication was 
recommended to avoid bulging, but this brought further 
complication since the choice of lubricant had a profound 
effect on the results. 
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Fig. 6—A cone-ended Fig. 7—Compression curves of 
specimen (Siebel flat-ended and  cone-ended 
and Pomp‘) cylinders (Siebel and Pomp‘) 
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The same diagram also shows that above 30°% 
deformation, the difference between the allegedly 
frictionless curve, 1’, and the curve representing a 
simple, frictional test, 2’, decreases, and at 40% 
deformation their respective slopes are such that 
they tend to intersect. However, in that case two 
intersections would be obtained, as curve 2 would 
eventually turn upwards and curve 1 would rise only 
to a finite value. It will be shown later that such an 
intersection is a necessity, but with the difference 
that the initial part of the fundamental curve should 
run not below but slightly above the frictional com- 
pression curve. This apparent paradox is fully con- 
firmed, not only by the results of the present research 
(pp. 258 and 259), but also indirectly by other sources, 
which will be discussed later. 

Returning to the coned test, Underwood? has 
already observed that the influence of surface friction 
decreases towards the apex of the cone.* Hyper- 
boloid-like pressing tools, therefore, should be used 
to obtain a better approximation, but such a method 
could hardly be recommended because of the compli- 
cations which would arise in practice. 

The use of cones with a constant angle will have 
serious consequences. Although the external shape 
may be-approximately cylindrical, the deformation 
cannot be regarded as homogeneous. Owing to the 
constant apex angle,-which is much greater than 
would be required to compensatefor the decreasing 
friction on approaching the axis, the gene acts as a 
round wedge, pressing and bending the inner fibres 
of the material to the outside, at the same time 
decreasing the load necessary to obtain a given 
compression. Figure 8a, copied from Fig. 9 of Siebel 
and Pomp’s paper,® demonstrates this very Clearly. 
The external, nearly cylindrical shape is caused not 
so much by the alleged elimination of friction as by 
the incidential and unstable equilibrium between the 
axial and radial stresses, the resistance of the material 
to deformation, and the friction. 

If the outer well-preserved layers are cut away 
along A—A (Fig. 8b), it is suggested that the remainder 
will have a lower resistance to further deformation 
than if the fibres remain straight. 

To prove this, a series of tests was made using 
coned specimens of Armco ingot iron, and steels con- 





* Several references are made to Dr. Underwood’s 
series ‘‘ The Rolling of Metals in Theory and Experi- 
ment ’’: Sheet Metal Industries, 1945-48. A compre- 
hensive bibliography is given therein. 


A A 

















(a) (b) 
Fig. 8—(a) A cone-ended cylinder after 50% compression 
(Siebel and Pomp‘); (6) Specimen after second 
compression (55%) with intermediate machining 
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taining 0-10, 0-16, and 0-28% of carbon, in both 
the as-rolled and the annealed condition. A_ base 
angle of 11° was chosen so as to cause slight 
barrelling.t In fact, this effect was obtained on all 
the softer materials, the 0-28%-carbon as-rolled steel 
specimen forming a twin-barrel (see Fig. 36), and 
the annealed 0-28°-carbon steel cylinder becoming 
concave. After machining to restore the initial h/d 
ratio (h/d=2), and after further compression, 
barrelling occurred on all the specimens—even on 
that which was previously concave. This behaviour 
is rather difficult to explain if friction is assumed 
constant and the compression homogeneous, or nearly 


so. A characteristic rim appeared on the edges of 


the specimens (Fig. 8b), showing clearly that the 
distribution of stress and the deformation was far 
from uniform. 

The values obtained from the tests were from 6 to 
15% lower than those by the method used in the 
present research, which is considered more reliable. 
It will also be demonstrated (page 257) that an 
almost exactly cylindrical shape can be maintained 
during compression of plain flat-ended cylinders, the 
final form being, in any case, not worse than that 
obtained in a coned test. 

It is suggested that Siebel and Pomp were not 
unaware of the difficulty, and it can be seen from 
most of their photographs that a truncated cone 
was used, thus achieving some similarity to the 
theoretically required hyperboloid. If such a speci- 
men is subsequently remachined twice to reach 
approximately 70°, compression the cone will dis- 
appear entirely and a plain cylinder will remain. 

The author believes that the cone-test results will 
be always lower than the true values, although, as 
can be seen in Table I, the discrepancy is negligible 
in the case of copper. The probable reason is that 
the copper used was harder than that used by others, 
or a frustum was used, thus giving nearly correct 
values in the range up to 60%. The discrepancy 
may also be caused by the low lateral stability com- 
bined with a high coefficient of friction (even wrought 
aluminium is ‘ stiffer ’ than soft copper). The experi- 
ments described later and their analysis (pages 
258-265) will show that the cone method is based 
upon erroneous assumptions! 

Taylor and Quinney" 

Taylor and Quinney determined the yield stress 
curve of copper up to approximately 98°% com- 
pression by compressing a cylinder which had an 
initial height/diameter ratio of 1. The load was 
applied in small increments, the specimen being 
removed and its faces greased after each loading. 
After 40% reduction, the specimen was machined 
to reduce the diameter and decrease the effect of 
friction. This was repeated three times, and the 
final deformation was reached after four subsequent 
compressions. They found that the yield stress 
increased to a maximum of 60,000 Ib,/sq. in. at 
about 78% deformation, remaining practically con- 
stant with further compression. The effect of friction 
was almost eliminated by the frequent lubrication, 





+ Siebel and Pomp used a cone with a base angle of 
14°, 
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Fig. 9—Compression curves at various values of d,/h,: 
(a) 3-0; (b) 2-0; (c) 1-0; (d) 0-5. (Fig. 12 of Cook 
and Larke’) 
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a condition of major importance. No evidence has 
been found for the use of this apparently reliable, 
though somewhat tedious method elsewhere. In the 
present research, an attempt was made to apply 
this method to steel, but no lubricant, including 
graphite powder mixed with oil, was efficient enough 
to prevent the characteristic ‘turn up ’ of the stress/ 
strain curve when the h/d ratio became low. Taylor 
and Quinney operated with very ‘flat’ specimens, 
starting in the third stage with a cylinder 0-1178 in. 
high, which had a diameter of 0-1973 in. (h/d = 0-6), 
and compressing it to a final height of 0-026 in. 
The final h/d ratio was thus about 16, corresponding 
to a diameter of 0-72 in. It appears that the much 
higher pressure necessary to compress ferrous alloys 
squeezes out the lubricant. Moreover, mirror- 
finished tools were not available. It was, therefore, 
necessary to develop a method which would be little 
affected by friction. 

Sachs!? and Cook and Larke’ 

The experimental method proposed by Cook and 
Larke was based upon the experiments and con- 
siderations of Sachs, who observed that when a 
number of cylinders of equal diameter but of various 
heights are compressed, the appropriate stress/strain 
curves converge towards a lower limit if the h,/d, 
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ratio increases. The method is indirect, the final 
results being obtained by extrapolation of the experi- 
mental curves. Its most remarkable feature is that 
the final values are considerably lower than those 
obtained by any other method. Only the results for 
copper are comparable (see Table I), but exactly the 
same would be obtained with any other metal. 

If a family of stress/strain curves (at least four 
curves) of different h,/d, ratios, as determined from a 
plain compression test, is cut by a series of verticals 
representing strains, and the stresses, corresponding 
to the points of intersection, are plotted against 
d,/h,, the constant-strain curves can be constructed, 
as shown in Figs. 9 and 10. When extrapolated 
to the stress axis the corresponding basic values are 
obtained. These should represent the stresses neces- 
sary to produce given strains in an infinitely high 
cylinder (d/h, +90). Such extrapolation is often 
arbitrary, especially in the range of heavy deformation. 
(See Fig. 10.) 

The principal cause of the unusually low values, 
however, is that Sachs and Cook and Larke have 
assumed that their curves represent resistance to 
homogeneous compression. Actually, the basic yield 
stress curve runs not only higher than their funda- 
mental curve, but even higher than the one for, say, 
h,/d, =1-5. This is so up to about 25 or 30% for 
any curve if this ratio exceeds unity, and remains 
true up to about 50 or 60% for h,/d, = 2 to 2-5, as 
illustrated in Fig. 11. 

The reason is given as follows: In the initial 
stage of plastic compression the deformation is 
practically uni-axial and bulging is negligible, but 
it becomes more noticeable at 15-20°, deformation, 
owing to the combined effect of friction at the end 
faces and the flow of material from the centre to the 
outside. The flow of material produces transverse 
stresses which exert a bending effect in the outer 
layers. Figure 12 is a very simplified illustration of 
this phenomenon. 

The fibres of the material buckle like an axially 
loaded beam with additional bending. In such a 
system smaller axial forces will produce the same 
deformation as if the transverse forces were absent. 
The effect of this process upon the mean axial stress 
necessary to cause a given strain is shown in Fig. 11. 
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Fig. 11—Simplified compression diagrams of Armco 
iron, as-rolled 
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In the later period, say, between 55 and 65% com- 
pression for ho/d, = 2to2-5, when the outer beam 
shortens and the role of friction changes its character, 
the stress/strain curve turns up because of the 
amended conditions of internal and external equili- 
brium.* The basic yield stress curve, and that 
corresponding to compression under frictional condi- 
tions, intersect. The first is flatter, and the second 
becomes steep. 

The curve obtained by Cook and Larke does not 
represent the resistance to frictionless, uni-axial 
compression, but exactly the opposite, viz., the resist- 
ance to entirely non-homogeneous compression when 
pure barrelling occurs and slip at the end surfaces is 
eliminated. However, it would do so if the coefficient 
of friction were high (0-4 or so), and the h/d ratio 
kept greater than 2 during the experiment. The 
latter suggestion is made in regard to the extra- 
polation to infinity of the curves in the S-d,/h, 
diagram (Fig. 10). Experiments by Rummel, and 
also some by the author (Fig. 36), seem to indicate 
that when the initial ratio of height to diameter 
exceeds 2-5, two bulges appear instead of one. This 
suggests that the minimum resistance to compression 
is reached at h,/d, =2to2-5. In fact, there is no 
difference between the values obtained when com- 
pressing cylinders of h,/d, above 2, and the constant- 
strain curves are virtually horizontal for small 
deformations. This can be easily proved with Cook 
and Larke’s diagrams if the experimental points 
for specimens of d,/h, = 0-4 and U-6 are considered. 
In that case the resultant values would be consider- 
ably higher than those represented by Cook and 
Larke’s basic curves. This seems also to explain 
why the convergency of the stress/strain curves 
becomes so rapid when h,/d, exceeds unity. 

Contrary to the curves of Siebel and Pomp, the 
basic curves of Sachs and Cook and Larke have a well- 
defined physical significance, representing the mini- 
mum resistance to compression, whose determination, 
for deformations exceeding 60°, is difficult and not 
very accurate if the method discussed is adopted. 

In the following sections this curve will be desig- 
nated CL. 





* The above explanation is merely a crude and rather 
intuitive approximation. A more detailed analysis, but 
dealing only with the external aspects of the process, is 
given on pages 262-265. 
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Fig. 12—The decrease of resistance to compression 
caused by barrelling, T representing radial stresess, 
and F the frictional resistance to slip 
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Fig. 13—Yield stress curve of 0-11% C killed steel, 
determined from two series of tensile tests (Ford"*) 


The Yield Stress Curve from Tensile Tests 

Comparative tests carried out by Siebel and Pomp® 
and many others have shown clearly that the yield 
stress in tension is considerably less than that in 
free compression. Only in the case of copper is the 
difference very slight.1% A comparison of the figures 
in Table IT makes it obvious that these discrepancies 
cannot be explained by the experimental technique 
of individual investigators, or by errors in calculation, 
but rather by some fundamental differences in the 
behaviour of metals under tension and compression. 

The determination of the yield stress curve from 
tensile tests on heavily cold-worked (rolled or drawn) 
specimens is very uncertain, and the scatter of the 
experimental points makes it impossible to fix the 
position and the shape of the resultant curve with 
even a reasonable degree of accuracy. Figure 13 is 
a typical example, and it is assumed that these tests 
were carried out as carefully as possible. 

It will be seen later, that the yield stress curve in 
compression cannot be lower than the curve of purely 
non-homogeneous compression as determined by 
Sachs and Cook and Larke (CZ). 

There are some important phenomena, peculiar 
not only to the compression test, but also to the 
related shaping processes (rolling and _ pressing), 
which cannot be explained by an analysis of the 
tensile test. Such an analysis can supply valuable 
information which could be applied to drawing and 
stamping operations, but not to those previously stated. 

The author considers that the application of the 
tensile yield stress curve to processes involving 
compression as a main agent is a fundamental error. 


Ford’ and Orowan 

This method was based upon the suggestions of 
Orowan and was intended to imitate, as closely as 
possible, the conditions occurring in rolling. The 
tests were single-step compression tests, using highly 
finished tools of 2 x 20-mm. face dimensions, with 
lubrication, and were carried out directly on the 
strip to be rolled. 

Some of the values obtained (see Tables I and II) 
indicate that the method ceases to be reliable at 
about 80%, compression, and the steep turn up of 
the curves does not seem to be justified. This was 
especially apparent when thick stock in the annealed 
condition was tested, and it is suggested that, at 
this stage, the influence of friction could not be 
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Fig. 14—The distortion of horizontal , ; I ; 
planes and ‘fibres’ of the specimens - 
owing to bulging under compres- 
sion (vertical lines). The thick lines Fig.15 


are traces of surfaces of constant 
hardness increasing towards the 
centre (Siebel**) 
Fig. 15—Multiple compression of a cylindrical speci- 
men, showing dimensions after subsequent com- 
pression and machining 


avoided. The author believes that between 75 and 
80% is the upper limit of applicability of this rapid 
and simple method. 

The high values of the vield stress of copper at 
small deformations are caused partly by the fact 
that the strips were slightly work-hardened after 
annealing (about 4°% cold work). Parallel tensile and 
compression tests have confirmed the observations of 
Siebel and Pomp that the values obtained from tensile 
tests are much lower than those in compression. 

The method described enables the yield stress 
curve in compression to be determined to a reasonable 
degree of accuracy. Contrary to the tests carried out 
during the present research, Ford’s tests did not 
give any explanation for some peculiar relations 
between friction and energy of deformation found 
later in rolling tests. 


Author’s Method of Multiple Controlled Compression 


The method used in the present research is based 
upon the observation that when cylinders of an h/d 
ratio greater than unity are compressed, their stress/ 
strain characteristics are virtually identical for 
deformations up to 30-35%. The deviations do not 
exceed 1 or 2%, and this figure can be regarded as 
an exaggerated maximum for h,/d, = 1-5 or more. 

A specimen with h,/d, = 2-4 to 2-6 was compressed 
25%, and for such slight deformation the three 
curves, viz., that of Cook and Larke, the experimental 
(under frictional conditions), and the true yield 
stress curve, practically coincided. The influence of 
friction was negligible, and barrelling was very slight. 
Such discrepancies as existed were smaller than those 
to be expected from the heterogeneity of the material 
tested. The arrangement of the fibres and the 
distribution of hardness in a metallic cylinder, before 
and after 25° compression, are illustrated in Fig. 
I4a and b. 

Figure 146 is exaggerated for clearness, and, in 
fact, the variation of hardness rarely exceeds 5%, 
if the platens are smooth. The curvature of the outer 
layers is very slight, and the whole process is nearly 
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homogeneous. When the test-piece is machined to 
restore the h/d ratio to 2, the bent layers are removed. 
The restoration of the specimen to its original shape 
(or nearly so), enables a further 25% deformation 
to be made, thus resulting in a total compression of 
43-59. The specimen is machined once more to 
reduce the diameter, and again compressed 25%. 
The total reduction of height is now about 60%. 
Repeating this operation three times increases the 
total reduction of height to 83-86%. In the next 
cycle, nearly 90° is reached. A number of passes 
in the present investigation were heavier than the 
suggested 25%, without causing any significant 
changes in the resultant values. This is especially 
permissible when harder steels are tested, because 
the elastic spread of the tool compensates, to some 
extent, for the friction (as in the case of ‘ triple’ 
specimens). The specimens had an initial h/d ratio 
of 2-4 to 2-6, so as to contain a maximum of material 
(and length) for subsequent operations from the 
?-l-in. rods available. The sequence of compressions 
and machining is illustrated in Fig. 15. 

The results of the subsequent compressions have 
been correlated, showing good agreement between 
the final and initial values of subsequent compres- 
sions, the discrepancies being usually within +3°%, 
and rarely reaching +5°%. A number of yield stress 
curves can be seen in Fig. 20. 

On compression, the deformation in a cylinder is 
not exactly uniform, and more or less work-hardened 
zones can be found in locations shown in Fig. 146. 
The development is very slight for 25°% deformation, 
but one can observe, on both ends, lens-shaped zones 
of softer material in * cups’ formed by the slightly 
more work-hardened element. Removal of the outer 
layers, corresponding to the dotted lines 4A, results 
in the top portion of the cup being eliminated, and 
the relatively soft material has a free surface aa. 
When a further load is applied this soft material will 
deform first, until a new internal equilibrium is 












































(0) (b) au (c) 
Mo 
Bo 
| 
i i 
R : T R T R T 
| t 
| | 
{ 




















Fig. 16—The relationship between the transverse 
stresses, distribution of hardness, and the final 
shape of the compressed cylinder: (a) non pre- 
strained, uniform hardness; (6) pre-strained by 
35°, compression and machined; {c) pre-strained 
by 25°, compression and machined. T represents 
transverse stresses, R the resistance to transverse 
deformation, and the zones of increasing hardness 
are represented by the numerals, 1, 2, 3 
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reached. This may cause a slight drop >f the initial 
yield point, but the curve is still steep, being, in the 
initial stage, a result of a series of smaller increases 
related to the degree of work-hardening of each 
concentric zone. The new average yield point, 
characterized by the rapid flattening of the stress/ 
strain curve, is in good agreement with the final 
stress in the previous compression. 

If the platens are smooth, a phenomenon appears 
which is absent from a single-step test. The softer 
material is pressed outward, forming a rim or a 
concavity similar to Fig. 165, but this is transient, 
and when equilibrium is reached, barrelling occurs 
to such a degree that the cylindrical shape is restored. 
Figure 37 shows an aluminium specimenin such a stage. 

If the platen surface is rough, and the friction is 
sufficient to prevent spread, the final surface will be 
slightly convex. By using platens of different degrees 
of surface finish, it is possible to choose one which 
will result in virtually parallel deformation. This is a 
result of equilibrium between the radial stresses 
which increase toward the horizontal plane of sym- 
metry, the resistance to deformation which varies 
almost exactly in the same way, and the friction. 

This is represented schematically in Fig. 16, where 
the friction vector is omitted for simplicity. It is 
obvious that such conditions cannot be maintained 
infinitely, but they will repeat in each pass. 

The final shape is nearly cylindrical, but this 
similarity is very close, as can be seen in Fig. 38. 
The author suggests that a very similar process 
occurs in the method used by Siebel and Pomp. 
The fact that the shape is more or less similar to 
an ideal cylinder has no influence upon the results 
if the test is conducted in the manner described. 

EXPERIMENTAL 

The experiments were devoted mainly to compres- 
sion tests, and it became clear after studies of pre- 
vious work and a large number of preliminary tests 
that the investigation might have a fundamental 
character, as the discrepancies in the published data 
greatly exceeded those expected from differences in 
the basic properties of the materials used. It appeared 
also that the equipment available was sufficiently 
accurate for the purpose. 

The tests were carried out on a 100/50/10-ton 
Amsler hydraulic machine,* and a 5-ton Amsler lever 
machine was used for the final stages of compression, 
when the specimens were small. As both machines 
were equipped with swivel heads, a special die was 
used to avoid buckling.j The tool faces were ground 
to a smooth finish, but were not lapped, as the method 
applied was not markedly dependent upon the finish 
of the pressing surfaces. For the experiments with 
coned cylinders another die was prepared{ with 
interchangeable inserts. 

A clock gauge, 0-001 x 1 in., was used on the 
100-ton Amsler, and one of 0-01 x 10 mm. on the 
smaller machine. Initial, intermediate, and final 





* The platens were kindly reground by Messrs. Welsh 
Boxes, Ltd., Landore, Swansea. 

+ Made and presented by Messrs. Mettoys, Ltd., 
Fforestfach, Swansea. 

t Made and presented by Messrs. Rees and Kirby, 
Ltd., Morriston, Swansea. 
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measurements were made by means of 3 micro- 
meters, 25/50/75 x 0-01 mm. The discrepancies 
between the clock gauge readings and the direct 
measurements were usually of the order of 0-2-0-4%, 
and did not exceed 0-5°% in any test. 

The elastic recovery was measured several times, 
during and at the end of each test, by taking off the 
load and observing the clock gauge. The choice of 
lubricant had no practical influence upon the results 
of the main series of experiments. The possible 
differences which could be expected were over- 
compensated by the heterogeneity of the material 
tested and by the small experimental error. 

The following series of tests were made : 

(1) Several preliminary series to prove the applic- 
ability of the principle of geometrical similarity 
(mainly on Armco iron and commercial aluminium) 

(2) A series of compression tests with triple speci- 
mens (Armco iron) 

(3) A series of coned tests using cones of 11° base- 
angle (see page 254) 

(4) A series of tests on tubular specimens 

(5) Two basic series of homogeneous compression 
tests using the method described on page 257 

(6) Several series of tests on the elastic recovery 
after deformation 

(7) Several series of tests on the influence of the 
end-surface friction 

(8) A considerable number of auxiliary and contro] 
tests 

(9) A comprehensive series of hardness tests. 

The first die was used for the tests for low-friction 
conditions (7), the load being applied in increments 
of 2 to 10 tons (identical for parallel tests on smooth 
and rough surfaces), and the appropriate test-pieces 
being removed, measured, and re-lubricated each 
time. Mineral oil, vaseline, and graphite suspension 
were tried and gave negligible differences in effec- 
tiveness. To obtain a very high coefficient of friction, 
special inserts were prepared for the second die with 
concentric 60° grooves 0-01 in. deep. In addition, 
the surfaces were etched with nitric acid. The inserts 
were satisfactory, as they prevented, to a great extent, 
the slipping effect between the tool surface and 
specimen during compression. Some of the tests on 
the elastic recovery after deformation (6) will be 
mentioned later. 

The main tests (5) were made largely in duplicate, 
but some were made on one piece only, and some on 
three specimens. 

The test-pieces were cut from the same rods in 
each case, and machined on a small lathe. The end 
surfaces were finished by hand on No. 1 emery 
paper, and the very small specimens (after the 
fourth subsequent compression) on Corosil 320 
finishing paper. It was found that excessive grinding 
and polishing tended to produce convex and non- 
parallel end surfaces, nor did any practical advantages 
accrue. It was merely necessary to remove the 
machining marks. The cylindrical surface was left 
in the as-machined condition. Six consecutive com- 
pressions were applied to the ?-in. specimens, seven 
to those of l-in. dia., and eight to the copper, 
aluminium, and 0-18% C steel specimens, which 
were of a larger size. 

Yield stress curves of commercial aluminium, 
H.C. copper, Armco iron, and of a series of steels 
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with 0-07, 0-10, 0-16, 0-28, 0-44% of carbon, have 
been determined. The aluminium and Armco iron were 
tested only in the as-rolled condition, and a 0-18 % C 
steel only in the annealed state. All other steels, 
copper, and also two low-carbon nickel steels, were 
tested both in the as-rolled and annealed condition. 
Details of the composition, size, and heat-treatment, 
are given in Table III. The final size is such that one 
or two further compressions are possible. 


DISCUSSION OF RESULTS 


The idea of using a multiple compression test arose 
at a very early stage, and it was soon observed that 
the central portion of the stress/strain curve obtained 
from such a test ran slightly above the curve of a 
plain, single-step compression test. This was ascribed 
to experimental errors and to the lateral hetero- 
geneity of the material, but when this occurred 
repeatedly, it was decided to extend the experiments 
started on Armco iron to aluminium and soft steel 
containing 0-07% of carbon. As this phenomenon 
persisted, and the difference between the two curves 
reached up to 10%, other steels were tested. In 
every case the result was the same, to a greater or 
lesser extent. An analysis of the previous work, 
part of which is included on pp. 251-258, brought the 
author to the conclusion that this was not an accident, 
and various facts which are discussed in Part II 
seem to show that this behaviour of the stress/strain 
curve obtained from a multiple compression test may 
lead to deductions of practical importance. 

From these experiments it appears that the 
resistance to homogeneous deformation was higher 
than to non-homogeneous, and consequently that an 
increase of friction would have to cause a decrease of 
the resistance to compression. 

To prove this, a series of comparative tests was 
carried out, using the apparatus described on page 258. 

The specimens were adjacent pieces from the same 
rods, of equal diameter and length. Ifa slight differ- 
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Fig. 17—1nfluence of friction on resistance to com- 
pression. Steel cylinders, h,/d, 


ence in the initial length was found, the taller cylinder 
was used for the test with the smooth tools. The 
results are given in Figs. 17 and 18, and there is no 
doubt that the previous finding is fully confirmed. 

Later, a series of tests was made on specimens with 
varying initial h/d ratios, and some of the results 
are given in Fig. 19a. 

It can be seen that the short cylinders behave in a 
way different from the tall ones. This fact is impor- 
tant, and it will be discussed fully in Part IT under 
Critical Shape and Super-Elastic Compression. 

Finally, it was necessary to check whether this 
also held for specimens cut perpendicularly to the 
direction of rolling. A ? x 2-in. bar of 0-43% 
carbon steel was available, and specimens were cut 
in both transverse directions. The curves obtained 
are shown in Fig. 19), where the appropriate stresses 











Table III 
MATERIALS, HEAT-TREATMENT, AND TYPICAL DIMENSIONS OF SPECIMENS 
Cc, Mn, Si, ce | P, Other Annealing dy, | hy, | hg, 
% % % % % Components, °%, (Furnace Cool) in. in. in. 

Al-r 99.6 Al 1-710 | 3-770] 0-328 

1-316 | 3-420] 0-270 
Cu-r | 99.93 Gu; | 500° GC. vac., 
Cu-a 0.045 O, 60 min. ae 
AR-r 0-013 | 0-026] Tr. 0:032 | 0-008 0:05 Cu 0-934 | 2-359] 0.292 
007-r 0-07 0-31 0-027 | 0-045] 0-021 0-678 | 1-723] 0-243 
007-a ” ” ” ” ” 950° C. 50 min. 0-682 1-773 0.276 
010-r 0-10 0-51 0-086 | 0-028 | 0-077 1-004 | 2-550] 0-278 
010-a ” ” ” ” ” 915° Cc. 70 min. 0.969 2-630 0-312 
016-r 0:16 0°85 Tr. 0:040 | 0-09 0-985 | 2-560] 0-275 
016-a 900° C.70 min. | 0-982 | 2-583 | 0-268 
018-a rec. fully ann. | 1-256 | 3-370| 0-273 
028-a 0-28 0-63 0-243 | 0-038 | 0-039 0-720 | 1-821 | 0-284 
028-a a e ae + + 875° C.50 min. | 0-738 | 1-870| 0-282 
044-r 0-44 0-56 0-210 | 0-050} 0-033 0-748 | 1-907] 0.292 
044-a * + * as ch 855° C.50 min. | 0-703 1-795 | 0-266 
010/3-r| 0-11 0-55 0-22 0-040 | 0-042 | 3-0 Ni ;0-27Cr 0-731 1-823 | 0-308 
010/3-a ” ” ” ” os i ‘s 865° C.50 min. | 0-739 | 1-860 | 0-282 
019/2-r| 0-19 0-55 0-21 0-032 | 0.045 | 1.78 Ni; 0-24 0-750 | 1-847] 0-253 

Cr ;0-22 Mo 

019/2-a a 7 Fe i e Le - 865° C.50 min. | 0-741 | 2-064] 0-342 
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to homogeneous compression had necessarily to run 
below all the other stress/strain curves for the same 
material, whatever the shape of the test-piece. 

The experiments also show that the method of 
Siebel and Pomp cannot be correct if their ‘ homo- 
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Fig. 18—Influence of friction on resistance to com- 
pression. Load/strain curves (experimental values) 
of Cu50-a copper, 50%, cold drawn and vacuum 
annealed at 500°C. Dimensions of specimens 
(diameter by height): 044-r—0-734 in. x 1-840 in.; 
01/3-r-0-732 in. x 1-830 in.; 0-115-r—0-715 in. x 
1-810 in.; Cu50-a—0-750 in. x 1-585 in. 


are plotted against In(h,/h). The compressed speci- 
mens are shown in Fig. 39. 

Thus, this influence of friction, which causes a 
drop in the compressive strength, is fully proved. 

The experiments make it clear that the remarks 
concerning the various methods used previously are 
justified. The mistake common to previous investi- 
gators was that they based their experimental methods 
on the erroneous belief that the curve of resistance 
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Fig. 19—Influence of friction on resistance to compression: (a) variable h,/d, ; (6) specimens at right-angles to the 
direction of rolling; (c) copper and copper-base alloys: 1. Copper, cold drawn; 2. Brass, 30°, zinc, cold drawn; 
3. Same brass, vacuum annealed at 500°C.; 4. Phosphor-bronze, 5° tin, 0.25% phosphorus, vacuum 
annealed at 500°C.; 5. Manganese-bronze, cold drawn. All specimens of 2 in. dia., ho/d, = 2-0, except 
No. 1, where h,/d, = 1-55. Numbers with apostrophes denote compression between rough tools 
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represent homogeneous compression. The same is 
also true for all tensile tests, including that of Kérber 
and Miiller, because they give values lower than the 
minimum possible in compressive deformation. 

This peculiar influence of friction appears only 
when h,/d, > 1 (approximately), which is why it could 
not be observed by Ford,}5 who used short specimens.* 

Such experiments that the author made on soft 
copper indicated. that this frictional effect was very 
slight, but it became apparent when cold-drawn 
copper from another rod (Fig. 19c) was tested and even 
after annealing (Fig. 18). 

Some investigators claimed that the basic yield 
stress curves for tension and compression are identical. 
Ludwik and Scheu,!* and recently Palm,!* based 
their opinions mainly on tests on copper, but these 
are not generally applicable, even, it is suggested, 
in the case of soft copper. (See Fig. 18.) To show 
this distinction, extremely fine finish of the compress- 
ing tools and uniform material should be used. The 
results of the present research do not support this view. 

Voce!” and Palm?® proposed an equation, which 
should represent the relation between stress and 
strain of the basic yield stress curve in compression 
and tension. The author was unable to carry out the 
calculations, but it appears that the yield stress curve 
does not flatten as rapidly as those authors expected. 

Figure 20a, 6, c represents some yield stress 
curves, as determined in the present research, the 
broken lines being the results of plain compression 
tests. It is suggested that although these curves 
give a fairly good approximation, sufficiently accurate 
for practical purposes, the true value may be a 
little higher still. : 

The values of work of deformation could be obtained 
if Fig. 20a, b, c was replotted against In(h,/h). It 
is obvious that the work of deformation will be 
lower in frictional conditions than the respective 
homogeneous values for a wide range of initial 
dimensions and reductions. 

All the values of stress were computed by the 
routine method, i.e., the experimental load was 
divided by the mean cross-sectional area calculated 
from the instantaneous height of the specimen. It 
appears that it would be more correct to compute 
the stress from the maximum cross-section at the 
‘barrel,’ as was done by Sachs!? and Kokado,?® to 
obtain the minimum value of stress at which the 
material actually yields. In that case the loop between 
the respective curves would be still more apparent. 
However, the area below such a curve will not 
represent the actual average work of deformation, 
but will be appreciably less. 

The other extreme possibility, 7.e., the calculation 
of the average stress from the minimum area adjacent 
to the tool face, is obviously unreasonable. The 
portions of the specimen within the boundaries of 





* The yield stress in tension and the corresponding 
amount of cold work received by the material in Ford’s 
experiments increased when the same reduction by cold 
rolling was reached in light successive passes (2% or 5%) 
instead of one heavy pass (10%). No explanation was 
given, but it is clear now that the reasons are funda- 
mental, because the reduction in small passes corresponds 
toa multiple compression test, hence the higher S, values. 
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the ‘slip cones ’ do not undergo plastic deformation 
at all, or very little, and they act merely as passive 
elastic pressure transmitters. The stresses here are 
almost purely hydrostatic and have little to do with 
the actual value of yield stress in free compression. 

There is another possible cause of the drop of 
compressive load when yu is increased, in addition to 
the simple interpretation given on page 255. The 
slip cone remaining undeformed can be regarded as 
an integral portion of the compressing platen ; thus, 
its function could be compared with that of the 
cones in Siebel and Pomp’s tests. 

It is considered that the possible influence of 
ageing effects on the values given in Fig. 20 were 
slight, because of the short time intervals between 
subsequent stages.t The creep was appreciable in 
the case of copper, and, to a lesser extent, in the 
aluminium specimens. The load was therefore main- 
tained for 5 min. in the first case, and for 2 min. in the 
second, to allow a reasonable equilibrium to be reached. 

The following practical advice may be of use if 
comparative experiments are carried out. (See 
Figs. 17-19.) If tall specimens are used, of h, /d, = 2-5 
or more, a tendency to tilt sidewise appears at about 
40% compression. The test should be carried out 
very carefully when smooth tools are used. The 
author recommends that such tests should be made 
with cylinders of h,/d, = 1-6 to 1-8 or 2-0. The 
drop of compressive load when the rough platens are 
used is so apparent that it can be seen immediately 
by comparison of the readings. 


PART II—ANALYSIS AND APPLICATION TO 
COLD ROLLING 
CRITICAL SHAPE AND SUPER-ELASTIC 
COMPRESSION 
Riedel’® analysed a number of compression dia- 
grams obtained by Pomp (see Fig. 22), who worked 
with geometrically identical cylinders of various 
metals in an attempt to obtain confirmation of the 
“un-plastic cone ’ theory, of which he was one of the 
principal exponents. He found that the points of 
inflection of all the load/strain curves were on one 





t A complete experiment, with three or four various 
specimens, took about one week. 
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abscissa—that corresponding to an instantaneous 
h/d ratio of 1-3. This value is equivalent to an 
angle of 37° 30’ between the axis and the generator 
of the cone, calculated on the basis of the apices 
meeting at the centre of the cylinder. The claim 
that all compressed cylinders will contain cones with 
this cone semi-angle (4) is not considered to be 
adequately supported by this analysis alone. 

Meyer and Nehl® found from the load/strain 
diagrams for cylinders of varying d,/h, ratio that the 
position of the inflection points may vary within wide 
limits, and this would have indicated that the value 
of ¢ decreased with decreasing initial height of the 
compressed cylinder. They also observed that there 
was a distinct rise in the elastic limit and yield point 
when the d,/h, ratio exceeded 1-45. The first 
observation was used as an argument against Riedel’s 
constant angle theory.* 

In the present research, using crude methods 
(drop of the load pointer) the rise of the yield point 
was apparent in specimens of h, = 0-75 d, or d,/h, 
= 1-33. This figure is in reasonable agreement with 
that of Meyer and Nehl, who used a mirror extenso- 
meter of high sensitivity. 

In the author’s opinion, Riedel, with his naive 
cone theory and wrong interpretation of the signi- 
ficance of the inflection points in the load/strain 
diagram, came to a qualitatively correct conclusion, 
although he did not explain the discrepancies in the 
case of short specimens. Meyer and Nehl, however, 
made wrong deductions from simple facts. 

The position and form of the inflection on any 
stress/strain or load/strain curve is a merely mathe- 
matical convention, without exact physical signi- 
ficence. If, say, load is plotted against percentage 
reduction of height, and later against h,/h or In(h,/h), 
the point of inflection will move towards the left or 
the right, or will disappear entirely. The same will 
occur in stress/strain diagrams, and it is not always 
profitable to attempt,to combine physical facts with 
special mathematical points, particularly as curves 
connected with plastic deformation are almost recti- 
linear in the neighbourhood of the inflection points 
over a long range, and the actual situation of such 
points is liable to be an arbitrary choice. 

A group of stress/strain curves is represented in 
Fig. 11. This diagram is slightly simplified (or com- 
pressed), because, although the initial portions of all 
curves are apparently common, differences of up 
to 2% may exist. Such differences have no influence 
on the following considerations, which are mainly of 
a qualitative character. 

All the curves for h, /d, ratio equal to unity or more 





* The wording used by Nadai in his book,’ when 
quoting the values of ¢ obtained by Meyer and Nehl., 
may give the impression that these values represent 
direct experimental results. Actually, the values of ¢ 
quoted in Table II and plotted in Fig. 26 of Meyer and 
Nehl’s paper were computed by the method suggested by 
Riedel, i.e., from the position of the kink on the load— 
strain curves, merely with the aim of showing that 
Riedel was wrong. Riedel’s theory was eventually 
scrapped, because of his inability to explain the discrep- 
ancies and also because of his erroneous and stubborn 
belief that friction has no influence whatsoever on the 
compression process. 
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have a common starting point, and are nearly identical 
up to some points, where they turn upwards, or 
rather, where the discrepancy between two adjacent 
curves becomes apparent. These points are located 
along the flattest curve, and the higher the initial h/d 
ratio, the more the respective point is moved towards 
the right. It is impossible to find these points by 
any mathematical methods, as they are not singular, 
because the process represented is ideally continuous, 
without any drastic variations. It is possible, how- 
ever, to estimate approximately the range within 
which they occur. The range for the curve for 
h,/d, = 1-0 is somewhere between 15 and 20% 
reduction of height, the range for h,/d, = 1-25 
between 25 and 32%, and so on. The respective 
values of the instantaneous d/h ratio can be calculated 


from the formula : 
d_ dy. af (3). y <n /( 100 ) 
A he ‘) - > 100 — An% 


The observed and calculated data are as follows : 


dy/Ro ae 1-0 0-8 0-67 
h, %—A 15-20 25-32 35—40 
djh 1-28-1-40 1-23-1-43 1-28-1-44 
dette. «0% 0-5 0-4 

h, %—A 45-50 50-60 

d/h an 1-23-1 -42 1 -14-1 -58 


All these figures are in good agreement with either 
of those previously quoted, at which the increase of 
the yield point was observed. The physical inter- 
pretation is represented in Fig. 21. 

The symbols YC and CL have the same meaning 
as in Fig. 11. Curve B represents the drop of com- 
pressive stress owing to barrelling (in free trans- 
verse flow), as already explained. Curve F represents 
the additional axial stress necessary to produce a 
radial component which will overcome friction and 
cause slipping on the end surfaces. The former 
prevails up to a point which may oscillate between 
1-3 and 1-45 for a varying coefficient of friction, 
and which also affects the absolute value of the 
slope of B. If uw decreases, curve B flattens, and 
at the same time the point of equilibrium between 
F and B is shifted towards the right of the diagram. 
Even after passing this point, the actual resistance to 
compression, SS, will be still lower than that for 
purely frictionless conditions, YC, until |F|—|B! = 0. 

It is proposed to call the point where B reaches 
its absolute maximum and starts to decrease, ‘ critical 
compression’ (Cr) and the appropriate d/h ratio, 
‘ critical shape,’ as this principle is not confined to 
plain compression alone, as will be demonstrated 
later. Under normal conditions in a compression 
test, the critical shape is reached at d/h = 1°33 
(approximately). 

The increase of elastic limit and yield stress when 
d,/h, is greater than the critical value has still to 
be explained, and also that they are constant when 
d/h is less. There is also the necessity for extending 
these considerations to include short cylinders, where 
the original ratio is higher than the critical value. 

The initial yield stress is considered to be a charac- 
teristic property of the material, remaining constant 
as long as the stressed object has sufficient freedom 
to deform in any direction and to produce the neces- 
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sary strain at any surface, whatever its location and 
angle.* As the observations confirm that there is no 
rise in the initial yield stress when d,/h, increases to 
its critical value, the flow is still unrestricted, at least 
at the commencement. Thus, it is easier to overcome 
the resistance of the ‘ fibres ’ of the material to bend- 
ing and buckling, thereby causing extrusion which 
appears as bulging in the centre, than to overcome 
the friction and cause slip at the end of the cylinder. 

Under practical conditions both phenomena occur 
simultaneously, especially in the early stages of 
deformation (up to about 30%, for tall cylinders). 
At this stage, the break-down of the fibres is only 
beginning, and slip prevails, unless artificially 
roughened surfaces are used. Quantitatively, it 
seems likely that up to about 30% deformation they 
almost cancel each other. This cannot be regarded 
as a rigid rule, because the interrelation between the 
many variables, 7.e., initial shape, degree of deforma- 
tion, and individual properties of different metals, 
are fairly complicated. Soft copper or lead behave 
somewhat like a plastic mass, and the break-down 
starts at a very early stage, even if friction is low. 
Other metals, mainly ferrous alloys, are ‘ stiff,’ and 
when d,/h, is not much less than the critical value, 
the end surfaces may slip, despite the increasing 
friction, and the break-down may occur slightly 
later. In such a case, the stress/strain relationships 
may differ from the standard type, although the shape 
of the curves will remain fundamentally the same. 
Some interesting examples aré given in Figs. 19a and 
19¢. The three upper pairs of curves in Fig. 19a 
(1, 2, 3) are ‘ classic,’ the two lower, and those in 
Fig. 19c, are of the intermediate type. . 

When a sample of 60/40 brass was tested, the break- 
down did not occur at all and the cylinder cracked 
after 25-30% compression. In that case the curve 
for high-friction conditions ran slightly above (about 
1%) that for relatively frictionless compression. 
(Fig. 19c, Curves 5, 5’.) This shows that the phenome- 
non depends upon individual properties of the metals 
and seems to be peculiar to ductile metals and alloys. 

If the critical value of d/h is exceeded there is 
no longer the same freedom of lateral flow, and 
although considerable axial forces are required to 
produce the radial slip component, a still higher 
pressure is necessary to cause free-surface extrusion. 
Like every other physical process this will proceed 
in the direction of the least resistance, and it is well 
known that barrelling decreases with increasing 
d,/h,. In very short specimens the ‘bulge’ is negli- 
gible, thus indicating that the extrusion factor dis- 
appears almost entirely, and sliding (or slipping) is 
predominant. 

This description of the process is very simplified, 
because the conditions at which slip occurs when 
d/h (actual) becomes greater than d/h (critical) 
differ from those of very low u. The super-critical 
slip is accompanied by plastic shear in the layer 
adjacent to the tool face (r = S,/2); this can be 
readily proved by examination of the end faces of 
the specimen. The slipping surfaces are bright and 





* If do/ho <1 and friction is considerably increased 
there is a slight drop in the initial yield stress (up to 

%) 

/O/7* 
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polished after super-critical compression, but dull 
and mottled when the maximum value of + has not 
been reached. This may be of importance in opera- 


tions where attention must be paid to the finish of 


the product, as in temper rolling. 

On compressing a short cylinder (of d,/h, > 1-3), 
there is virtually one way of flow available to the 
material—that of radial slip—because the forces 
required to cause pure extrusion would have to be 
very high, and also because the yield stress in shear 
at the edges is reached. These considerations can be 
applied to a metallic prism, the difference being 
quantitative only. 

In a case where the critical reduction is passed 
but the friction is raised, so as to prevent slipping 
to a considerable extent, the extrusion factor is 
artificially increased, and the slipping factor is 
suppressed. The pressures required to carry this out 
are extremely high, as also are the stresses developed 
inside the specimen. In the central portion of the 
cylinder, remote from the free surface, these stresses 
have a hydrostatic character, but in the outer layers 
they will be liberated and may damage the test-piece, 
causing cracks. (See Fig. 39.) For the same reasons 
this may occur also in shaping processes, such as 
rolling and pressing. 

Referring to the rise of the yield point in com- 
pressed short cylinders, the difficulty would not 
arise if the same experiment were carried out with a 
cold-rolled or cold-drawn rod, e.g., of 50° reduction. 
If a cylinder with a ratio of d,/h, = 2 is compressed, 
the rise of the initial yield stress will be almost the 
same as the difference between the F and B curves 
of another unstrained cylinder of such initial dimen- 
sions that at 50° reduction of height the appropriate 
d/h ratio will be 2. These initial dimensions can be 
found from the formula quoted earlier, using 
djh = 2 and h,/h = 2. In this case d,/h, is 0-706. 

For an unstrained cylinder of d,/h, = 2, AS, will 
be of the same order, but somewhat less than in the 
former case, owing to the different initial condition. 
In other words, the tall cylinder is in a ‘ slacker ’ 
condition, and some pre-straining would be necessary 
to bring it to normal. This explanation conveys the 
idea of the perfect continuity of the whole process, 
without regard to the initial proportions. 

It is obvious that the excess force (and stress), 
rising rapidly as d/h increases beyond the critical 
value, causes an increasing elastic deformation of the 
compressing tools.t That this elastic deformation 
may reach high values can be seen from the following 
figures: A 0-0115°% carbon steel cylinder of d, = 
0-717 in. and h, = 0-191 in. was heavily compressed, 
and its residual (plastic) deformation was 47-7%,. 
The elastic recovery (total) when the load was taken 
off was 31-4% of the residual strain. The maximum 
stress was 84-3 tons/sq. in., assuming that its distri- 
bution was uniform. For a similar specimen of 
annealed 0-28% carbon steel, the elastic recovery 
was 40-6% of the plastic strain, Ah = 38-3%, the 
maximum stress being 91-5 tons/sq. in. 

This is the reason why the term ‘ super-elastic ’ 





+ The elastic recovery of the’ specimen is very small 
compared with that of the tools. 
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is used to describe this process, which is very different 
from the sub-critical non-homogeneous compression, 
where increasing friction decreases the compressive 
stress and causes bulging. Such a super-elastic (or 
super-critical) compression is much more homogeneous 
than the latter, and the plastic heterogeneity through 
the material (7.e., the variation in hardness) is 
infinitely less than inside tall cylinders compressed to 
the same degree. 

It is possible to establish a complete diagram 
representing the relationship between compressive 
stress and friction. If p= 0 the curve of homo- 
geneous deformation will be obtained ; with increasing 
friction the slope of the compression curves will 
decrease until the critical reduction is reached, and 
will increase rapidly when this value is exceeded. 
(See the left-hand side of Fig. 23.) 

If 1 = 0-4 and h/d > 2, the curve of minimum 
resistance to compression, C'L, will be obtained, and 
for intermediate values of yu, a number of curves 
SS, SS’, and SS’. The values of the apparent yield 
stress S, corresponding to various degrees of defor- 
mation at a given coefficient of friction, are replotted 
on the right-hand side of the same diagram. The 
horizontal lines, A 30%, A 50%, ete., are the 
asymptotes to which the curves of constant reduction 
would converge if u 0. These asymptotes represent 
the homogeneous values of S for any given reduction. 

This analysis of the compression process would be 
sufficient to explain many phenomena occurring in 
practical shaping processes, and some applications to 
cold rolling will be demonstrated in the following 
sections. However, more data would be needed to 
cover the whole range of relationships between shape, 
friction, and stress. A space diagram, in which the 
x, y, and z axes represented reduction, varying 
friction, and stress, would then be necessary. A 
family of curved surfaces would replace the plain 
stress/strain curves. 

THE RELATIONSHIP BETWEEN THE YIELD 
STRESS, FRICTION, ROLL PRESSURE, AND 
ENERGY, IN COLD ROLLING 

The results obtained in compression tests are of 
value in explaining many of the phenomena associated 
with rolling, and some aspects of the compression 


beset od 


red | 







2% 

go 75% red 
w = — 

r 4 

O 

ee? } 
yw | 50% red 
= 

™ } 30% red! 





8©C 60 40 20 O 
O4# O25 Ol 004 
DECREASE OF HEIGHT, % u—O 


Fig. 23—The relationship between the coefficient of 
friction and compressive stress 
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test appear to indicate a linkage between apparently 
unrelated factors. However, some precautions have 
to be taken when comparisons are made between 
compression and rolling, because the conditions in 
the roll gap differ considerably from those in plain 
compression. Some modifications are required, and, 
furthermore, the precise nature of such modifications 
(on a quantitative basis) cannot always be defined, 
owing to the paucity and incomparability of available 
experimental data. 

Nevertheless, it appears that the division of the 
whole range of deformation into two parts, viz. (i) the 
non-homogeneous or sub-critical, and (ii) the super- 
elastic or super-critical, can be applied also to the 
rolling process. It might be expected that in the 
sub-critical zone the mean roll pressure should be 
less than the appropriate homogeneous value (as in 
compression), and that in the super-critical zone it 
should be higher. 

To check the actual value of the mean roll pressure 
in the sub-critical range, a number of results of 
Ford’s tests415 have been recalculated by using 
Hitchcock’s equation, which allows for roll flattening. 
(See Fig. 24.) It can be seen that many of the values 
are below the respective yield stress curves. Even if 
the mean value of the vield stress along the are of 
contact is taken as a basis of comparison, the quali- 
tative relationship still holds, corresponding to the 
curves 4-4’ or 5-5’ in Fig. 19a. Actually, the correct 
value of S, may be slightly higher than those obtained 
by Ford, as already discussed in the foregoing sections. 

Another important point, which must be con- 
sidered, is that Ford used in his calculations either 
the values of yield stress from tensile tests multiplied 
by 1-15, or those obtained directly from his com- 
pression tests. Orowan® based his computations upon 
the yield stress in free compression multiplied by the 
same constriction factor, 1-15. Table II shows that 
at least two of these possibilities cannot be correct. 
Even the wrong method of Siebel and Pomp (cone 
test) gave values of free compressive yield stress far 
in excess of the values obtained from tensile tests 
The correct figures, therefore, must be still higher. 
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P= s a= P — 
\/ Rb(b + 0-000334P) 
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Fig. 25—Total energy values as determined by Ford”: 
Strips of annealed H.C. copper, 3 in. x 0-1 in.: 
(a) ground mirror-finish roll surface (A); (b) 
smooth mat-finish roll surface (B): (c)3 in. x 0-1in. 
0.2% C steel specimens. Roll finish (B), lubricated; 
(d) roll finish (B), dry 
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There is also little probability that the lateral con- 
straint was sufficiently taken into account in Ford’s 
compression tests, where the width of the tool was 
only eight to ten times the initial thickness of the strip. 

The reason for the roll pressure later becoming 
much higher than the yield stress, even though the 
conditions may still remain sub-critical, is governed 
mainly by roll flattening and will be explained in the 
next section.* 


It might also be expected that the pure energy of 


rolling in the sub-critical range should have a value 
less than that for homogeneous conditions, and that 
its magnitude should decrease with increasing friction. 
The first expectation is realized only when the 
reduction in pass is very small (5%), and the author 
believes that the main reason for this difference is 
the different geometry, because slip (or shear) along 
the contact face is bound to occur to allow the surface 
of the stock to expand, and this involves additional 
losses of energy. When the drafts are very light these 
losses are negligible. 

With regard to the second expectation, it is 
interesting to consider some of the results published 
by Ford which, contrary to the tests of Siebel and 
his collaborators, and those of Emicke and Lucas,?! 
covered a wide range of conditions, and were not 
limited to tests on thick material alone. Even these 
tests do not convey an entirely clear impression, as 
can be seen from the following results of Ford?? : 
0-07% C Rimming Steel 

Strip having an initial thickness of 0-065 in., 
was rolled with : (a) dry rolls, and (5) oiled rolls. The 
roll diameter was 10 in. 

Reduction, % 30 45 50 60 65 70 

Ratio: 

a Wbrieted 1-15 1-19 1-19 1-18 1-27 1-40 
p represents mean roll pressure 

The figures for pure energy of rolling are slightly 
different : 

Reduction, % 10 20 30 

Ratio : 

E dry 

E lubricated 

From Ford’s results it can be seen that the relative 
slope of the p-dry curve decreases at approximately 
45° reduction. The critical point is apparently at 
approximately 65% reduction, corresponding to a 
strip thickness of 0-022 in., which is slightly higher 
than the value of 0-016] in. found for the same 
material in a test with lubrication. There is a 
striking similiarity between the p-dry and p-lubri- 
cated curves in this particular case and those shown 
in Fig. 19a (Curves 5-5’). 

Figure 25 represents pure energy of deforma- 
tion of H.C. copper and 0-2% carbon steel strips 


40 50 60 70 


1-21 1-17 1-15 1-138 1-15 1-14 1-14 





* The roll-pressure/reduction diagrams published by 
Lueg and Pomp?” are exactly similar to those of Ford. 
Quantitative comparisons are, however, difficult, because 
Lueg and Pomp used an entirely arbitrary value of yield 
stress in assuming that it is equal to the mean tensile 
strength of undeformed and reduced (cold rolled) strip. 
It is believed that this was done with the aim of obtaining 
values of the alleged yield stress as low as possible, to 
account for the discrepancy which could not be explained. 
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plotted against the percentage reduction. It is 
apparent that the values corresponding to the smooth 
roll surface (A) are appreciably higher than those for 
the coarse finish (B). The decrease in the case of 
copper is approximately 20% for 35%, reduction in 
5% passes, 25%, for 60% reduction in 10% passes, 
and about 10% for 85% reduction in 20% passes, 
the critical thickness being about 0-017 in. for a 
lubricated strip. The same effect can be observed 
on the diagrams of the steel tested, and the same 
qualitative relationship holds also for the respective 
torque-reduction curves (not reproduced here). This, 
of course, confirms the present conception, but 
appears contradictory when compared with the 
respective energy values for the 0-07% C steel. 

Assuming other conditions to be exactly compar- 
able, the lower work of deformation and torque might 
be expected to correspond to a lower value of mean 
roll pressure. In fact the opposite is the case, and 
it is clear that only the simultaneous shortening of 
the lever arm can account for this apparent discrep- 
ancy, an explanation of which will be given in the 
following section. 

Other tests were carried out by Siebel*4 on a 2-high 
mill with 7-1-in. (180-mm.) rolls. Using 0-10°% and 
0 -63°% carbon steels, he rolled strips 0-079 in. (2 mm.) 
thick with dry and lubricated rolls, and found the 
ratio of the respective roll pressures to be as follows : 


Reduction, % 15 30 45 50 60 70 
Ratio : 
pary 1-15 1-14 1-18 1-22 1-35 1-53 


p lubricated 
These data refer to the 0-10% carbon steel, but the 
values for the other steel were similar. The values 
for pure energy consumption are quantitatively 
comparable with those of Ford, é.e., the energy 
consumption rises with the increasing roll force, 
despite higher friction. 

The results of Siebel are in very close agreement 
with the early tests of Ford, and the relative decrease 
of the slope of the p-dry curve can be observed at 
30% reduction. The critical point is apparently at 
60%, and it seems that the shape of these curves could 
also be compared with the shape characteristic of the 
‘transition zone,’ 7.e., curves 5 and 5’ in Fig. 19a. 

However, the high values of energy are caused by 
other factors. Ford’s early measurements, and those 
of Siebel, were taken without torque-meters,* the 
pure energy of rolling being determined indirectly. 
Siebel used an obviously incorrect approximation 
to calculate the torque values. He assumed that 
M = PL, M being the torque, P the roll force, and 
L the length of the undeformed are of contact 


obtained from L = \/R3, where FR is the radius of 
the undeformed roll, and § the draft. On this 
assumption, the relative length of the lever arm, 
compared with the length of the arc, should be 0-5. 
In fact, the highest figure which could be expected 
(for a rigid roll) is about 0-40 for polished and lubri- 
cated rolls, and considerably less for dry rolls.15 2 





* Ford explained, in a footnote on page 128 of 
Reference 15, that these values of energy, obtained in 
his early experiments, were too high. This was because 
of the method of calculation, which did not allow for 
some load-dependent losses. 
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This would explain the discrepancies in the energy 
values, which were much lower than those quoted.t 
The value, called by the collaborators of the Kaiser- 
Wilhelm Institut, “‘ useful energy of rolling” is of 
little use for comparison, as it includes the frictional 
losses in the journals (equipped with plain b:onze 
bearings) which greatly depend upon the load. 

Orowan® checked his rolling formula by using two 
tests of Siebel and Lueg,* 25 but other diagrams 
obtained by the same authors differ considerably 
from the standard peaked type. Furthermore, all 
the experiments of Siebel and Lueg were carried out 
with dry rolls and fairly thick strip (0-08 in. or 
more), the maximum reduction being 50%. Thus, 
the conditions were almost certainly limited to the 
sub-critical range. If the postulates of the section 
under Critical Shape and Super-Elastic Compression 
(pp. 262-265) are valid, data obtained under such con- 
ditions may not be applicable to the super-elastic 
region. This theory seems to be supported by the 
considerable discrepancies observed when any rolling 
formule are applied to widely varying conditions. 

Siebel and Lueg did not record the total roll load, 
and a direct check of their pressure distribution 
diagrams is therefore impossible. It is perhaps note- 
worthy that Siebel and Lueg did not consider that 
their own diagrams were sufficiently accurate for a 
basis of calculation of torque and, consequently, the 
pure energy of rolling. The values of rolling efficiency 
deduced by Orowan for the same experiments were 
29 and 52% for high- and low-friction conditions 
respectively, the latter being, therefore, about 80°, 
higher. Such a difference is hardly probable in view 
of the experimental evidence previously discussed. 

Since the present paper is confined mainly to 
experimental procedure and application of the 
results, the theoretical aspects cannot be dealt with 
at length, but they are mentioned to illustrate the 
difficulties which may arise when attempts are made 
to apply the results of compression tests directly to 
rolling conditions. 

The more complex picture of the conditions existing 
in the roll throat, which now arises, can hardly be 
avoided if the available facts and data are to be 
explained. The defects of the methods of determina- 
tion of the yield stress curve concern also the values 
of the energy of homogeneous (frictionless) com- 
pression which may be appreciably under-estimated. 
In fact, the correct curve of constrained frictionless 
compression may be 10% or so above that seen in 
Ford’s diagrams. 

An interesting conclusion emerges from the fore- 
going considerations. The assumptions made in the 
friction-hill theories lead to a rather simple qualita- 
tive relation between yp, roll pressure, and other 
variables, but if considerations of energy are involved 
the relationship may not hold, and this difficulty was 
encountered by Ford.15 

For fixed initial conditions and draft, such theories 





} This is supported by the opinion of Falk expressed 
in the discussion on Lueg’s paper.*5 Falk emphasized 
that neither works experience nor his own observations 
can prove the (claimed) rise of energy consumption 
caused by higher surface friction. Lueg’s reply was not 
convincing. 
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determine exactly the position of the neutral plane, 
but actually this plane may move, thus affecting 
the torque and energy consumption. The relation 
between the roll force and the length of the lever 
arm is regulated automatically by the nature of the 
process, so that the minimum amount of energy is 
consumed under given conditions. Sometimes, how- 
ever, the position of the neutral plane may change in 
such a way that the lever arm remains substantially 
constant. In a case of this nature the torque and 
energy consumption may increase or decrease with 
increasing or decreasing roll force. 

The relationship between pure energy of rolling 
and the actual roll force (or mean pressure) will be 
comparable with the corresponding ratio in the 
compression test only when the length of the lever 
arm is virtually constant. This does not seem to be 
the case when the initial friction (e.g., roll finish) is 
changed. A simple calculation based upon any of 
Ford’s data will show that some saving of energy 
consumption is possible if rolls with a coarser and 
cheaper finish were used and the losses in the journals 
were low. This may not be necessarily of practical 
importance, because the difference between the 
respective energy curves decreases when the drafts 
are heavier. 

It follows, therefore, that the division of the range 
of deformation into two zones is justified, and it can 
be expected that, in a particular case, a critical value 
of strip thickness could be determined peculiar to the 
geometry of the pass, the plastic properties of the 
material, and the coefficient of friction. The elastic 
deformation of the rolls will be slight in the sub-critical 
zone when the material is fairly thick and not very 
hard. With harder stock, the elastic deformation 
will be more marked, the roll will flatten, its effect- 
ive radius will increase, as well as the critical thick- 
ness, and the corresponding critical reduction will 
lessen. 

If soft material, with a flat work-hardening charac- 
teristic, is rolled, heavy drafts are possible, and 
the initial thickness has no substantial influence 
upon the critical value. This may be true for very 
soft steels, containing less than 0-1% of carbon, 
and more probably so for copper, aluminium, and 
their alloys. 

When very thin stock is rolled, whether hard or soft, 
the roll pressure will rise steeply with increasing 
reduction. It is clear, therefore, that for qualitative 
deductions and for comparative purposes, it is suffi- 
cient to know that this critical thickness decreases 
with decreasing roll diameter. This is obvious from 
the considerations in the section under Critical Shape 
and Super-Elastic Compression, as the decrease in 
roll diameter is exactly comparable with the decrease 
in the diameter of a compressed cylinder. The 
degree of reduction possible before reaching the 
critical value is, of course, greater than that for the 
same material in a compression test, where the 
platens may be regarded as rolls (or rather balls) of 
infinite diameter. 

In subsequent sections, the term ‘thick’ will 
apply to stock which is thicker, and ‘thin’ will 
apply to stock which is thinner, than the appropriate 
critical value. 
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Fig. 26—Variation of mean roll pressure with speed, 
using 0-2°, C electric-furnace steel strip, 3 in. 
<x 0-1 in. All reductions 30°, per pass 


THE EFFECT OF SPEED IN COLD ROLLING 


It is known that in the production of thin strip 
the roll load drops during acceleration and it increases 
when the mill is slowed down. This effect is accom- 
panied by a peculiar variation in the gauge of the 
rolled strip. Various explanations and suggestions 
were put forward by Mohler,?* Stone and Green- 
berger,” and, more recently, by Ford,?* but none 
is satisfactory. Even by introducing different more 
or less arbitrary assumptions no explanation, even if 
probable, could be given for the irrefutable fact that 
the roll force decreases with increasing speed when 
the rolled strip is thin, and that it apparently increases 
when the material is comparatively thick. This was 
found by Emicke and Lucas,” who carried out cold 
rolling tests on Peraluman, an aluminium-base light 
alloy. A strip about 4 in. wide and 0-8 in. thick was 
rolled with 14-in. rolls at speeds of up to 300 ft./min., 
and a distinct rise of roll force and torque was 
observed—on the average 3 to 4%. The tests of 
Ford?’ confirm this observation, as can be seen on 
almost all his diagrams. (See Figs. 26, 27, 29, and 31.) 
Earlier experiments by Emicke and Lucas on lead 
gave similar results, the increase of roll pressure and 
torque being much more accentuated than in the case 
of hard metals (6-8 and 17-6% when the speed was 
increased from 38 to 200 ft./min.). 

Contrary to the suggestions mentioned above, the 
results of the present research seem to indicate that 
the main reason for the effect of speed is the change 
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will hardly occur in practice, and yp will probably 
decrease to some limiting value. Thus, the apparent 
resistance to deformation should always be below 
its homogeneous value for thick strips, and above 
for thin strips. (Curves ¢ and d.) 

If the reduction approaches its critical value, the 
appropriate speed curve will flatten and become 
nearly horizontal. It is, however, not safe to claim 
that this will happen exactly when the final thickness 
corresponds to 56° reduction, as shown in 
Fig. 28. In fact, the appropriate reduction may be 
considerably higher, because when uw decreases the 
curve SS flattens, and at the same time the critical 
point moves towards the higher reductions. Such a 
horizontal curve will correspond to conditions when 
at some reduction the curves F and B in Fig. 21 
will change their shapes in such a way as to cancel 
their respective influence. 

Figures 26 and 27 show that as long as the thick- 
ness of the strip exceeds its critical value, which is 
about 0-017 in. for the copper strip and 0-034 in. 
for the 0-2°% carbon steel tested, the resistance to 
deformation increases with decreasing friction (i.e., 
increasing speed), becoming more homogeneous. The 
opposite takes place in the super-critical range, as 
might be expected. 

The foregoing considerations are valid qualitatively 
for the whole range of conditions and deformations 
investigated by Ford, but quantitatively only for 
single passes and moderate reductions, because the 
actual mean roll pressure eventually becomes higher 
than the mean yield stress. This discrepancy is 
closely bound up with the mechanism of deformation 
in the roll gap. 

For any initial condition in plain compression 
between parallel plates, it is possible to predict 
Fig. 27—Variation of mean roll pressure with speed, almost exactly whether the process will be sub- or 

using H.C. copper strip, 3 in. x 0-1in. All reduc-  super-critical. In rolling, however, the boundary 

tions 30°, per pass between both regions disappears entirely, as condi- 
of w with speed. No additional assumptions are tions at entry, where the bulk of deformation is 
required, and the explanation put forward by the concentrated, are often sub-critical, but they become 
author is demonstrated in Fig. 28. ‘a i fm waa " T T 

The left-hand side of Fig. 28 
represents the basic yield stress 
curve (or the curve of homogeneous 
roll pressure) marked YC, the ordin- 
ary frictional no-speed stress /strain 
curve (or actual roll pressure-reduc- 
tion curve) SS, and the curve of 
the minimum resistance to deform- 
ation, CL, exactly as in Fig. 23. 
The critical reduction, peculiar to 
the initial mean coefficient of fric- 
tion, is marked Cr. 

As long as the final thickness of 
the strip is higher than the critical 
value, its resistance to deformation 
increases with decreasing friction, 
which drops as the speed goes up 
(curves a and 6b). If it is assumed 
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to the respective reduction. This Fig. 28—The effect of speed on roll pressure 
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Table IV 
ROLLING TESTS WITH AND WITHOUT LUBRICANT 
Data from Ford?® 


























With Lubricant Without Lubricant 
Pass Mean Roll | Pass Mean Roll 
> P. Speed, 
fimin. No Reduction, (Pressure, fem. | Reduston Pressure, 
| | 
10 All 23-6 138.2 } 14 | 25-6 137-5 
40 5th 25-6 133-0 | 40 | 27-8 131-7 
50 passes 25-8 132-5 50 28-5 130-7 
67 of 29-5 125-0 62 | 31-0 124-5 
72 initial 31-2 120-7 71 30-4 126-7 
81 thick- 31-7 123-0 81 | 30-7 126-5 
92 ness 32-9 126-0 91 | 32-1 123-5 
113 of 33-7 123-7 113 | 34-1 121-0 
134 0-0121 34-3 123-8 134 | 35-8 122-0 
154 in. 36-9 119.5 155 37-0 121-0 














super-critical on approaching the exit. This will be 
the case in the transition zone, where the initial 
thickness of the stock is as yet not very small 
when compared with the diameter of the rolls. The 
position of the boundary between this region and 
that where the process becomes purely super-critical 
will be strongly affected by roll flattening. If this 
increases, the reduction at which the drop of roll 
force with increasing speed becomes apparent will 
decrease. The elastic distortion of the arc of contact 
is sensible even at moderate reductions (say, at about 
50% in the case of copper), and with increasing 
drafts the region of super-elastic compression expands 
towards the entry side. 

The total roll force can be regarded as the result 
of two vertical components. One of them is ‘ active,’ 
performing plastic deformation of the stock being 
rolled, the other is ‘ passive,’ and its vector passes 
through the centre-line of the rolis, resulting in their 
elastic deformation, more or less according to Herz’s 
equation. It appears that in the intermediate range 
the increase of the ‘ active ’ component, caused by the 
decreasing friction (since the conditions at the entry 
side of the roll gap are sub-critical), is almost com- 
pensated by the decrease of the ‘ passive ’ component. 

The absolute value of the passive component 
increases with increasing uz, the resistance to deforma- 
tion of the stock, the reduction in pass, and the 
decreasing thickness. The passive force is super- 
imposed on the theoretical roll force which might be 
expected if purely sub-critical conditions were 
assumed. The higher the value of the passive com- 
ponent when compared with the active one, the more 
the vector of the resultant (total) roll force will be 
moved towards the centre-line of the rolls, thus 
shortening the lever arm, which may drop to very 
low values, as in the case of the finishing stands of 
tinplate mills and in those used for temper-rolling. 
This explains the quantitative discrepancies between 
the roll-pressure/rolling-speed curves and those 
represented in Figs. 23 and 28. 

Copious lubrication was used throughout the tests 
described, and u decreased with rising speed, probably 
owing to the increasing effectiveness of the oil film, 
and partly also to the greater rubbing speed between 
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the roll and the stock. The extrusion factor dis- 
appeared almost entirely, and there was practically 
pure slipping under conditions of very low friction. 

One of Ford’s experiments was carried out without 
lubrication and the speed effect did not cease. (See 
Table IV.) 

Although the data in Table IV are insufficient for 
a more detailed analysis, it is not necessary to make 
any special assumptions regarding the precise nature 
of the friction between the roll and the material. If 
this were done, it would involve complicated and 
speculative mechanical and hydrodynamical con- 
siderations, which are outside the scope of this work, 
but it is an indisputable fact that the coefficient of 
dry friction decreases with increasing relative speed 
of the sliding surfaces—a fact familiar to brake 
designers and railway engineers. It is also known 
that 4 may drop to about one-fourth of its no-speed 
value.**, 31 A drop of roll pressure was observed by 
Tafel in the hot rolling of ingots, and Trinks explained 
it by the melting of a thin surface layer of the rolled 
material.*?, % 

This explanation may be applied to the strip used 
in the experiments, since the strip was very thin, the 
extrusion element (sticking) was negligible, and 
almost pure slipping took place, causing a rapid 
generation of heat at the contact surface. This heat 
might melt a sub-microscopically thin layer of metal, 
thus resulting in conditions similar to those existing 
when lubricant was used.*4 

It is obvious that the surface irregularities, which 
constitute the roughness of the strip relative to the 
roll, will melt first under these conditions. This is, in 
any case, valid for the copper tested, because of its 
low melting point. Furthermore, the actual point- 
to-point pressures between the roll and the stock 
are much higher than the calculated, or measured, 
maximal pressure at the friction hill, and may reach 
a value which will reduce the melting temperature. 
Such a test on a steel strip, between rolls of chilled 
cast iron, and a subsequent examination of the roll 
surface, would be of interest. 

The central curve in Fig. 29 has a somewhat 
unusual shape, decreasing rapidly but turning up- 
wards later. This apparent abnormality, which can also 
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Fig. 29—Variation of mean roll pressure with speed, 
using, 0-07% C rimming steel strip 3} in. «x 0-032 in. 
be observed on the dotted curve in Fig. 26, 2nd pass, 
can also be satisfactorily explained. (See Fig. 30.) 

The strip corresponding to this curve (Fig. 29) 
was of a thickness just below the critical, the former 
being 0-016 in., the latter approximately 0-017 in. 
When the speed increases and the friction drops, the 
roll pressure goes down. Simultaneously, the critical 
point travels towards the higher reductions, and at a 
particular moment it reaches a value when the 
appropriate critical thickness, corresponding to the 
lowered coefficient of friction, becomes less than that 
of the strip. From this moment, the material behaves 


like a thick strip, and with a further decrease of 
u the curve turns upwards like the lowest in Fig. 29. 
In Fig. 30, as in Fig. 28, Cr is the critical point at 
no-speed, and Cr’ that for a considerably lower 
coefficient of friction at high speed. The same 
phenomenon may occur also in the later passes if 
the drop of yw is sufficient. 

It seems, therefore, that the variation of friction 
is the only factor which will account for the drop 
of roll force. It is difficult to imagine that the almost 
exact parallelism of the stress/strain relations, the 
speed effect, and the other facts discussed previously 
could be a result of pure coincidence. Some further 
evidence will be given in the following sections. 

There is one other interesting point in Ford’s 
diagrams. When a very thin copper strip of about 
0-01 in. was rolled with 30% reduction, an unusual 
rise of roll force was observed at a speed of 70 ft./min. 
The final thickness was about 0-007 in., and this was 
nearly the minimum which could be rolled on the 
mill used. (See Fig. 31.)* 

It is suggested that this effect may be caused by 
resonance vibrations occurring at some speed, when 
rolling a metal of given properties. Such vibrations 
may be very slight, but sufficient to destroy the con- 
tinuity of the film of lubricant. The coefficient of 
friction rises immediately, as well as the roll force. 
Similar ‘ dents ’ can also be seen on the lower curves, 
although not so apparent. This would support the 
suggestion of resonance vibrations. Rolling mills seem 
sometimes to have a tendency to chatter and vibrate 
when rolling material of near the minimum thickness, 
and a somewhat similar case was described by 
Weiss.°® 

It will be shown later that the behaviour of the 
lateral spread in these particular cases gives an 
excellent support for the present author’s theory. 

Nekervis and Evans*® recently investigated the 
properties of lubsicants used for cold rolling. Steel 
sheets, about 0-01 in. thick, were rolled with 8-in. 
rolls at 120 and 192 ft./min. The values of roll 
force and elongation were recorded, and the coeffi- 
cient of friction was calculated from Nadai’s equation. 
Three different oils were used in each case, and the 
value of ~ was apparently less at the higher speed, 
the difference being between 5 and 7%. The corre- 
sponding drop of roll load must have been appreciable, 
as the equation used is exponential. This agrees with 

the observations of Ford, and is 
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Fig. 30—The effect of speed when initial strip thickness is only 


slightly less than critical 
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can be rolled by using 30% drafts, 
which are rather heavy. 
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for stands 2-5 the discrepancy between the com- 
puted and actual values increased continuously 
towards the last stands. The calculated values 
were 4-6% higher than that measured on stand 2, 
and 32% higher on stand 5. The reason for this 
appears to be that the same value of » was taken 
despite the increasing speed. It is clear from the 
foregoing considerations that the theoretical basis 
of the existing formule may not be considerably in 


error when applied to the super-critical range of 


deformation, i.e., the finishing stands. 

The question arises whether the possible drop of y 
can account for the observed decrease of roll force, 
and also what minimum value could reach the 
coefficient of friction under rolling conditions. The 
author analysed a number of different commercial 
mills and found that u may be much lower than the 
lowest figures quoted by different sources. The rapid 
decrease of u with increased speed explains also why 
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the thickness of the product in foil mills can be 

controlled by changing the rolling speed.* 

THE RELATIONSHIP BETWEEN ROLLING SPEED 
AND STRIP GAUGE 

In considering the causes of the longitudinal 
variation of gauge during rolling, it is assumed 
that the thickness of the incoming hot-rolled strip is 
uniform. In this case, the main and obvious cause is 
variation of roll shape, owing to flattening. The 
degree of flattening is dependent upon roll pressure, 
the roll pressure is dependent on the varying friction, 
and the friction on the rolling speed, as has been 
demonstrated earlier. The perfection of this sequence 
of cause and effect is illustrated by the following 
example. 

Assuming that thin strip is being rolled at the 
correct gauge at 1000 ft./min., and the correct 
pre-set screw-down pressure, if the mill is decelerated, 
the friction increases, and the roll force (and roll 
pressure) rises, as shown by one of the upper curves 
in Fig. 26. This immediately causes an increased 
flattening of the roll. As the distance between the 
roll necks (of the work rolls in a 2-high mill, or of 
the backing-up rolls in a 4-high mill) remains sub- 
stantially constant, all that can happen will be that 
the strip leaving the rolls will be thicker. (See 
Fig. 32.) 

Elastic deformation of the mill housings will not 
affect these considerations, but it is clear that the 
variation of gauge will increase with increasing length 
of the elastic elements of the system (Fig. 32). This 
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Fig. 31—Variation of mean roll pressure with speed, 
using H.C. copper strip,3 in. x 0-05in. All reduc- 
tions 30%, per pass 
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* Paper to be published by the author. 
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Fig. 32—A diagrammatic explanation of the relation- 
ship between rolling speed and strip gauge 
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explains why variation of gauge is more apparent 
when rolls of large diameter are used. It also suggests 
that the effect would be greater in a 4-high mill than 
in a 2-high, if the work rolls were of the same 
diameter and their deflection very small, and other 
conditions were comparable. Such a case might 
occur in mills rolling narrow strip at high speed with 
rolls of comparatively large diameter. An occurrence 
of this kind is most likely in foil mills. 

If the mill in the previous example (Fig. 32) were 
accelerated, the opposite effect would occur; for 
a given speed there would be equilibrium between 
roll load (and pressure) and the elastic deformation 
of the mil] components, resulting in a gauge peculiar 
to these conditions. Figures 33 and 34, taken from 
the papers of Mohler?® and Ford’? illustrate this. 

No additional comment is needed, except perhaps 
on the lowest curve, in Fig. 34a. This curve would 
be expected to have rather a positive slope as the 
roll force increased with increasing speed. An 
examination of the values of the total roll force, 
quoted in Table I of Ford’s paper,” for the first 30% 
of the passes, shows that they are scattered. An 
analysis of the relation roll-force/absolute-reduction 
(in.), and also of the respective experiments in 
Table Ila of the same paper, suggests that the 
shape of the curve is rather uncertain or incidental. 
Furthermore, the variation of thickness which could 
be caused by the speed effect in the sub-critical 
range is, of course, very slight, and may lie within 
the limits of possible experimental error. 

Another reason for an off-gauge product is the varia- 
tion of thickness of the hot-rolled ingoing material. 
These variations, as Mohler found, can be observed, 
almost unaltered on the finished strip, by comparing 
the percentage deviations. 

It seems that improvement is possible only in the 
early passes, when the roll pressure is comparatively 
low and the shape at the arc of contact is little 
affected by changes in draft, especially between 
30 and 60% total reduction, because of the flatness 
of the yield stress diagram. If the thickness of the 
product is less than the critical value peculiar to the 
existing rolling conditions, and the strip is in the 
finishing stands, improvements seem unlikely. In 
the section under High-Speed Rolling (page 274) it 
will be shown that increased rolling speed may also 
act in the direction of reducing variation of gauge 
caused by non-uniform incoming strip. 
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It may be of interest to refer now to the test with 
the thin copper strip, which was discussed on page 271 
and illustrated by Fig. 31. It is suggested that if 
the thickness of the strip were measured at a lower 
speed than 70 ft./min., i.e., in the initial and final 
sections, corresponding to acceleration and stopping, 
it would be found that these were thinner than the 
intermediate section. 


LATERAL VARIATION OF GAUGE AND SPREAD 

The reasons for the lateral variation of gauge and 
spread are known from the works of Underwood, 
Trinks,*® and others, and it remains only to link up 
the shape of the lateral friction hill, which is very 
similar to that in a plain compression test, with the 
speed theory in its present form. 

The link is made clear by the fact that increased 
speed or decreased friction reduce spread, and vice 
versa. This agrees with the observations of Under- 
wood and Trinks, and also with the data of Ford. 
Figure 35 shows some rolling-speed/spread diagrams 
plotted from Ford’s figures. The close agreement 
with the roll-force/speed diagrams is apparent, the 
‘humps’ appearing in the same positions on the 
respective curves. This emphasizes the correctness 
of the suggestion that friction is the main agent 
causing the various phenomena associated with the 
variation of speed. 


RELATION TO COLD ROLLING 
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Fig. 34—The effect of speed on strip gauge, the strip 
being initially 3 in. x 0-1 in. The rolls were set 
for 30% reduction, and were not changed with 
speed. (a) 0-2°, C steel strip 3 in. x 0-1 in.; 
(6) H.C. copper strip. (See Table IV, Ford?’) 
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As the lateral friction hill becomes flatter when the 
friction decreases or when the speed rises, since 
both are equivalent, the difference in elastic deforma- 
tion between the central and the end portions of the 
rolls decreases, resulting in a flatter strip. This is 
true when the rolls are cylindrical, without crown. 
The roll-pressure distribution across the strip for 
varying » is qualitatively identical with that of 
compressive stress shown in Fig. 3b. This suggests 
that if cambered rolls are used to obtain uniform 
thickness across the strip, the camber must be less 
if higher speeds are applied, other conditions being 
the same. The temperature of the rolls may be of 
less importance than the gradient along the roll, and 
it seems probable that it may have no appreciable 
effect if the rolls are short when compared with the 
diameter. If the speed drops considerably, the con- 
vexity on the strip may reappear, and the author 
believes that actual practice may confirm the sugges- 
tion regarding the shape of the cross-section of narrow 
and wide thin strips when the mill is accelerated or 
decelerated without resetting the screw-down gear. 
(See Fig. 32). The taper may be confined to a very 
narrow region at the edge when the rolled strip is wide. 
If the nominal speed is exceeded, a slight convexity 
may arise, although less apparent, owing to the 
flattening of the speed/roll pressure curve. 

A further deduction can be made regarding temper 
mills. Such mills perform only a very small reduction, 
not exceeding 3% or so. The material is usually 
very soft (annealed after cold reduction), and its 
yield stress is low. To obtain a bright polished 
surface, the ratio of roll diameter to thickness of 
stock must be kept as high as possible. The reason 
is clear from the considerations of the critical thick- 
ness which is to be passed to obtain almost pure 
slipping between the roll and the stock. At the same 
time, the shear stress at the outer layer must reach 
its maximum value, as already explained. In the 
case of a very thin stock (tinplate gauge), this require- 
ment will be met even if polished rolls are used, 
especially when not lubricated. If the same mill is 
used for considerably thicker material, the coefficient 
of friction may be too low, so that the critical thick- 
ness, which has to be much higher than the actual 
final thickness of the material processed, is passed 
only slightly, or even not reached at all. Although 
the latter case is unlikely, the product may be dull 
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Fig. 35—The relationship between rolling speed and 
lateral spread replotted from Ford’s experimental 
data.*® The points represent mean values from two 
parallel tests 
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in either. An artificial increase of u can be recom- 
mended in such a case, e.g., by the addition of paraffin. 

If the thickness of the skin-passed strip is well 
below the appropriate critical value, as it should be, 
the roll pressure will be high, and owing to the con- 
siderable friction, the lateral friction hill will be 
much in excess of that at usual rolling conditions. 
This suggests that temper mills, even for narrow 
strip, may need a heavier camber than those used 
for reduction. 

Sobolevsky* greased portions of a thin sheet and 
rolled it with dry rolls. He found that the lubricated 
portions were thinner after rolling than the remainder ; 
this was obviously because of the lower friction hill 
at these particular places. The appropriate radial 
deformation of the roll was less, and consequently 
the actual radius (not the radius of curvature) and 
the local reduction were greater. 

Melaney* demonstrated that Sobolevsky’s theories 
do not explain many of the phenomena occurring in 
sheet-rolling practice. However, Melaney himself 
was mistaken in concluding that the increasing 
thickness of sheets towards the centre was caused by 
the elastic recovery of the material after leaving the 
roll gap, as this could be only a small fraction of the 
observed increase. 

Some materials have a tendency to produce cracks 
at the edges of the strips. Improved lubrication and 
increased tension are applied to reduce this fault, 
but it appears that an increase of rolling speed would 
have the same result, as friction is the obvious reason 
for this phenomenon. (See Fig. 39.) 


HIGH-SPEED ROLLING 

For a given roll diameter at a fixed speed and 
tension, there is a minimum thickness which can be 
rolled, further reduction being impossible even with 
the highest roll load.42 The minimum thickness 
should vary for steel from jo55 to ;s5q Of the 
roll diameter. These figures, which were quoted by 
Rohn,* are related to slow-speed rolling, which was 
a common practice in Germany. 
20 in. dia. could roll strip of a minimum thickness of 
not less than 0-013 in. Actually, they roll strip as 
thin as 0-010-0-006 in. on modern high-speed 
tandem mills, without excessive tensions, and the 
maximum ratio of roll diameter to a final thickness 
of about 5555 was found in a mill rolling strip of 
0-001 in. thick. The author believes that this is 
possible only because friction, and consequently roll 
flattening, are much less than at low speed. Thus, 
apart from economical considerations involving the 
relation between rolling and handling time, coil 
length, and weight, etc., there is also a technological 
reason which fixes the minimum speed at which a 
flat product can be rolled under given conditions. 

If it were possible to operate steadily below the 
critical point, by increasing speed and so diminishing 
friction, the variations of the initial thickness would 
be of less significance, and would decrease in subse- 
quent passes. The yield stress curve is reasonably flat 
above 30% reduction, and differences of thickness 
of the order of a few per cent will only slightly affect 
the shape of the arc of contact, and the irregularity 
will be reduced in subsequent operations. This can 
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Fig. 36—A twin barrel on a compressed cylinder 








Fig. 37— Transient concavity of a Fig. 38—Shape of test-pieces after 59-78°,, compression. From left 
pre-strained and remachined cylinder to right : 007-r, AR-r, Cu-r, Al-r (See Table ITI) 
after compression 


Fig. 39—-Two series of specimens com- 
pressed between smooth repeatedly 
lubricated tools (left),’and very Frough 
tools (right) 
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be gained only by a decrease in friction, and even a 
small decrease of p may give some advantages. 

In any case, the higher the critical reduction, the 
more uniform will be the strip at constant speed. 
The higher the speed, the flatter will be the speed-roll- 
force and speed-gauge curves, thus making the gauge 
less susceptible to small changes of speed. The strip 
will also be flatter and less influenced by possible 
changes of tension. This may allow the use of 
simpler, and perhaps less expensive, speed- and 
tension-controlling devices. 

Unfortunately, the increase of delivery speed 
involves other difficult problems, as the length of 
off-gauge strip during acceleration and slow-down 
periods tends to increase, which imposes additional] 
demands on the drives and control. It is, however, 
difficult to find reliable evidence to show to what 
extent the application of various devices for tension 
control is justified.“ 

The net energy consumption becomes nearly con- 
stant when a certain speed is exceeded (about 100 
h.p./hr. per ton of tinplate-gauge strip). On the 
other hand, varying opinions have been expressed in 
the past, and many aspects still require clarification.4® 
The lack of figures comparable with those of Ford, 
but covering a wider range of speeds, makes it 
very difficult to settle many interesting questions. 


THEORIES OF ROLLING 

The first purpose of a theory of rolling is an 
adequate explanation, on a qualitative basis, of the 
different phenomena occurring during rolling, and 
their interrelation. If this is done, and the observa- 
tions are in agreement with the deductions, and, to 
some extent, the predictions put forward, the theory 
has to be compared with the results of tests. If the 
trial is successful, a mathematical analysis may 
follow, which will allow calculation of data needed 
in the design and operation of rolling mills for a given 
set of conditions. 

Some approximations and simplifications are un- 
avoidable, at least in the first stage, but these must 
not affect the qualitative side of the process. Neither 
Prandtl’s solution for a compressed plastic slab, on 
which Orowan’s conception is based, nor the assump- 
tion of homogeneous compression, common to all 
other theories, can be regarded as satisfactory. 

The first represents only the conditions occurring 
beyond the critical point, as the un-plastic wedges 
meet in the centre at the beginning of compression, 
and this is an assumption a priori inevitable in 
Prandtl’s problem. Whether this representation is 
quantitatively correct is open to discussion. 

The values of roll force obtained from Orowan’s 
equations® were too low, and a 30% correction was 
necessary to bring these in agreement with the values 
calculated from Siebel’s experimental pressure distri- 
bution diagrams. When applied to other cases, 
Orowan’s formula (without any adjustment factors) 
leads to results almost identical with those from other 
similar expressions, introducing the same qualitative 
errors. It is possible that both of Siebel’s measure- 
ments were quantatively not quite reliable, which 
conclusion was later reached by Orowan himself.*¢ 

The same assumption, that of the “ meeting 
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wedges,” is, in fact, made indirectly in all the various 
‘homogeneous’ formule; it neither explains the 
low values of roll pressure, nor the other variables 
encountered over a wide range of reductions. These 
discrepancies may become still more apparent if 
applied to a Krause or Steckel mill, with their thin 
rolls and fairly thick stock. The discrepancies will 
not only be quantitative, but qualitative, the results 
being contradictory. 

Even if the friction-hill diagram can be constructed 
by trial and error, so as to fit some data obtained 
experimentally, the torque calculated on the same 
basis may show discrepancies of +. 50° or more. 

A comparison of the calculated and experimental 
data of roll force and torque in Table 14 of Ford’s 
paper!> * immediately shows that not only are the 
absolute values of torque greatly in error, but also 
that the qualitative relationship between roll force 
and torque is wrong. The calculated values are too 
low if uw is low, but are considerably over-estimated 
if the initial coefficient of friction is increased. This 
fact is certainly connected with the dislocation of the 
neutral plane, and also, apparently, with the shape 
of the arc of contact. 

The author feels that the significance of rolling 
speed is very often not appreciated, especially in 
the cold rolling of flat products, which is the only 
process to which the existing numerical rolling 
theories should be applied. It is suggested that the 
relationship between the mean value of u and speed 
could be expressed by the following type of formula : 

_ 1 + Av 
ld a POR ar Bv 

The analysis of further experimental data may 
prove valuable, and perhaps lead to mathematical 
solutions better than those now available. 


CONCLUSIONS 


(1) The examination and analysis of data obtained 
from compression tests have resulted in a conception 
of the mechanism of deformation of a cylindrical 
metallic body which differs considerably from those 
hitherto proposed. 

(2) Experimental evidence is given which shows 
that, for a wide range of initial conditions, the 
increase of end-surface friction during compression 
causes a decrease of the resistance to deformation, 
thus contradicting the generally accepted view that 
the resistance to compression under frictionless 
conditions is the least possible. 

(3) A new division of the whole range of deforma- 
tion obtainable in compression and related shaping 
processes is suggested. The first portion is the non- 
homogeneous, or sub-critical, when the resistance to, 
and the work of, deformation are less than those for 
frictionless conditions. The second portion is super- 
elastic, or super-critical, where the reverse conditions 
apply. The position of the boundary between both 
regions, called the critical point, has been established, 
and its relation to the geometry of the specimen, the 
friction, and other variables has been discussed. 





* The data in Ford’s paper, and particularly in 
Tables 11-14, are probably the most comprehensive so 
far published. 
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(4) The relation between extrusion (sticking) and 
slipping in compression and in cold rolling is analysed. 
Extrusion may be predominant in the sub-critical 
range when thick stock is rolled. In rolling very 
thin material, almost pure slipping takes place, and 
unless this is so, the whole process will be seriously 
affected, for, apart from the increase of roll force and 
energy consumption, the product may be spoiled. 

(5) The deduction in Conclusion 2 gives a satis- 
factory explanation of various features of the cold- 
rolling process hitherto inexplicable by the available 
theories on the decrease of energy of deformation 
when thick stock is rolled and friction increased, the 
speed effect, and various related phenomena. 

(6) Some aspects of existing cold-rolling theories 
have been considered, and it has been demonstrated 
that neither Prandtl’s solution, nor the assumption 
of homogeneous compression, can lead to correct 
results over the whole range of conditions and re- 
ductions encountered in everyday rolling practice. 
Suggestions are made for checking the qualitative 
applicability of the new theory with practice. 
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Mechanical Properties of Low-Carbon, 


Low-Alloy Steels 
Containing Boron 


By W. E. Bardgett, B.Sc., 
A.M.1I.Mech.E., F.I.M. 


and L. Reeve, Ph.D., B.Sc., 
FILM. 


SYNOPSIS 


The paper describes the results of mechanical tests on several series of low-carbon (0-04 to 0- 18%), low-alloy 
steels containing boron, tested in the normalized condition. The outstanding feature of the results was the 
marked and, in certain cases, critical effect of molybdenum in the presence of boron in enhancing the maximum 


stress and yield stress, the critical amount depending on the remaining alloy content. 


Of the numerous steels 


examined, the most attractive was a low-carbon molybdenum-—boron steel, the presence of the boron almost 
doubling the yield stress value and the steel at the same time retaining good ductility and toughness. Examina- 
tion of mass effect indicated that high strength could be obtained in this steel provided that the boron content 


was within a definite range. 


Results are also given of tests on material rolled from a high-frequency cast and from two basic open-hearth 


casts, and these have confirmed the attractive properties shown by the experimental casts. 


In addition, the 


steel was found to be particularly free from cracking on welding. 


Introduction 


CONSIDERABLE amount of data has _ been 

published on the effect of additions of boron, of 

the order of 0-003%, on the mechanical pro- 
perties of medium- and high-carbon low-alloy 
steels in the hardened and tempered condition, this 
amount of boron markedly increasing the depth 
hardenability.* It was found that, with certain 
limitations, this amount of boron could replace certain 
definite proportions of manganese, nickel, chromium, 
and molybdenum, and such boron, additions were 
used in America during the war as a means of con- 
serving alloys. So far as the authors are aware, no 
information dealing with the effect of boron on the 
mechanical properties of low-carbon, low-alloy steels in 
the as-rolled or normalized conditions has appeared in 
the literature. 

The authors’ investigations in this field have yielded 
some interesting results, which form the subject of this 
paper. The paper is divided into two parts: Part I 
deals with the results of tests on a wide range of steels 
made in an 18-lb. experimental high-frequency 
furnace, and Part IT describes the results of tests on a 
high-frequency electric cast and on two open-hearth 
casts of a selected quality, the analyses of which were 
based on the most promising results of Part I. 


PART I—TESTS ON EXPERIMENTAL 
STEELS 


All the steels referred to in Part I were in the form 
of -in. dia. forged bar and were tested in the 
normalized condition. The sulphur and phosphorus 
contents, unless otherwise stated, were maintained at 
0-:03% maximum. The work described originated 





* An excellent summary of information on this subject 
has been prepared by Dean and Silkes, ‘‘ Boron in Iron 
and Steel.” Information Circular 7363, Sept., 1946, U.S. 
Dept. of the Interior—Bureau of Mines. 
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led 


‘ 


from the discovery that the addition of 0-003% of 
boron to a low-carbon, 0-5°% molybdenum steel had a 
marked effect on the yield stress, as measured by 
dividers,+ and on the maximum stress. The effects of 
the addition of boron to the 0-5°, molybdenum steel 
and of a similar addition of boron to a mild steel, are 
shown by the following data : 


Steel 1 Steel2 Steel 3 Steel 4 
Analyses 
Carbon, ° 0-09 0-08 0-09 0-08 
Manganese, 0-43 0-40 0-42 0-41 
Silicon, °, 0-25 0 -25 0 -25 0 -26 
Molybdenum, ‘ 0-58 0-58 ae 
Boron, % . 0-003 0-003 
Mechanical Properties 

Maximum stress. 

tons /sq. in. is DOU 10-0 26-5 25-8 
Yield stress. tons 

eS: re sae) “AG Z 34-8 18-5 17-1 
Elong. on 47/ A, °, 40-0 26-0 44-0 41-1 
Reduction of area, °, 74-0 71-3 72-0 73 -6 
Izod impact, ft. lb. 99 93 94 96 
Heat-Treatment : 930° C.. air-cooled. 


These results show that 0-003% of boron has no 
definite effect on the mechanical properties of mild 
steel, but that when 0-58% of molybdenum is present, 
the effect of the presence of boron on the maximum 
stress and yield stress is very marked, the former 
increasing from 28-5 to 40-9 tons’/sq. in. and the 
latter from 16-2 to 34-8 tons/sq. in. Further, it will 
be noted that there is no loss in impact value and no 
appreciable change in the reduction of area, in spite 
of the marked increase in tensile strength, although 





Manuscript received 25th July, 1949. 

Mr. Bardgett is Research Manager of the Research and 
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Ltd. Dr. Reeve is Chief Metallurgist of the Appleby- 
Frodingham Steel Company. 

¢ This corresponds to 1-0°, extension on 2 in,, no true 
yield stress existing. 
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Table I 
ANALYSES, HEAT-TREATMENT, AND MECHANICAL PROPERTIES OF EXPERIMENTAL STEELS 
Analysis, % Mcchanical Properties 
Heat- 
Other Treatment Maximum Yield Elong. | Reduction 7 

Steel Cc Mn Si Mo B Elements * Saice' a. sonsiok. ta. on A we of or ft.lb 
Series I—0-5% Mo-B Steel; Variable Carbon Content 

5 0-07 | 0-37 | 0-26 |; 0-61 | 0 003 Ke 930° C., A.C. 40-1 35-0 26-0 70-0 92 

6 O-1l | 0.44 | 0-28 | 0-62 | 0-003 930° C., A.C. 42-0 37-2 25-5 70-0 88 

7 0-18 | 0-53 | 0-28 | 0-62 | 0-0025 910° C., A.C. 46-6 40.4 24-0 63-6 14 
Series II—0-05% C-Mo-B Steel; Variable Molybdenum Content 

8 0-05 | 0-43 | 0-25 | 0-15 | 0-003 ae 940° C., A.C. 24-5 15.2 44.0 78-0 93 

9 0-05 | 0-41 | 0-22 | 0-25 | 0-004 os 27-6 21-3 44.0 79-0 98 
10 | 0-04 | 0-41 | 0-21 | 0-35 | 0-0033 es 33-8 29-1 43-4 73-0 98 
11 0-045) 0-43 | 0.24 | 0-44 | 0-0035 = 36-2 31-9 31-4 73-0 95 
12 | 0-04 | 0-41 | 0-23 | 0-51 | 0-0025 a 36-3 31-6 28-0 70-9 95 
13 | 0-05 | 0-43 | 0-23 | 0-62 | 0-0034 os 37-0 31-2 28 -6 70-9 100 
Series III—0.14% C-Mo-B Steel; Variable Molybdenum Content 

14 | 0-12 | 0-43 | 0-21 | 0-12 | 0-003 ae 920° C., A.C. 27-9 19-8 39-5 70-0 73 
15 0-13 | 0-43 | 0-23 | 0-22 | 0-002 vi 31-6 21-2 33-0 70-0 90 
16 0-13 | 0-45 | 0-23 | 0-31 | 0-004 a 37-4 30-6 27-5 66-0 65 
17 0-15 | 0-46 | 0-21 | 0-42 | 0-003 a 40-4 33-8 25-0 63-6 82 
18 0-14 | 0-45 | 0-26 | 0-54 | 0-003 A 42.1 35-9 25-0 63-6 80 
19 | 0-14 | 0-47 | 0-23 | 0-66 | 0-0025 is 43-4 37-4 24-0 62-6 55 
Series 1V—Mo, 0-007°, B Steel ; Variable Molybdenum Content 
20 | 0-12 | 0.42 | 0-28 | 0-18 | 0-005 as 930° C., A.C. 29.2 20-2 38-0 69.4 85 
21 0-14 | 0-46 | 0-46 | 0-23 | 0-0075 920° C., A.C. 34-4 23-0 34-0 67-0 55 
22 | 0-14 | 0-49 | 0-43 | 0-32 | 0-0075 ot 41-1 33-5 29-3 68-1 64 
23 0-15 | 0-48 | 0-48 | 0-44 | 0-007 oe 43-0 35-8 27-3 64-5 30 
24 | 0-13 | 0-47 | 0-45 | 0-50 | 0-005 os 43-4 36-3 26-5 61-6 47 
25 0-16 | 0-46 | 0-49 | 0-62 | 0-007 me 46-6 39-5 26-0 62-4 37 
Series V—0-40% Mo Steel; Variable Silicon Content 
26 0-14 | 0-44 | 0-15 | 0-42 Se Pag 920° C., A.C. 30-4 16-9 37-5 69-0 94 
27 | 0-13 | 0-43 | 0-28 | 0-46 is 32-2 17-4 37-0 68-0 85 
28 0-12 | 0-42 | 0.44 | 0-43 * 32-6 18.4 36-0 67-0 84 
29 | 0-13 | 0-43 | 0-65 | 0-41 ea 34-8. 19-0 34-0 62-6 67 
30 | 0-13 | 0-47 | 0-78 | 0-41 me 36-8 22-6 35-3 59-6 46 
Series VI—0-.40°,, Mo-B Steel ; Variable Silicon and Boron Contents 
31 0-14 | 0.43 | 0-15 | 0-38 | 0-0016 See 920° C., A.C. 38-3 33-7 25-0 63-6 76 
32 | 0-14 | 0-47 | 0-29 | 0-44 | 0-0045 rs 41-6 34-9 24-5 63-6 89 
33 | 0-14 | 0-48 | 0-48 | 0.44 | 0-007 Pr 43-0 35-8 27-3 64-5 30 
34 | 0-15 | 0-48 | 0-65 | 0-42 | 0-009 ‘ 38-5 26-0 31-5 59.2 55 
35 | 0-15 | 0-46 | 0-77 | 0-38 | 0-011 “s 37-4 25-8 36-0 64-5 47 
Series VII—0-60°,, Ni Steel, with and without Boron 
36 | 0-155] 0-42 | 0-28 “a ve Ni 0-59 ; 910° C., A.C. 29-8 20-3 40-5 67 -6 93 
37 0-12 | 0-45 | 0-29 0-002 Ni 0-61 | 920° C., A.C. 28 -2 18-6 41-5 70-2 92 
38 0-17 | 0-46 | 0-31 0-0025 | Ni 0-62 | 910°C., A.C 30-7 20-6 41.3 64-5 82 
Series VIII—0-57°% Cr Steel, with and without Boron 
39 | 0-08 | 0-37 | 0-30 ie hee Cr 0-59 | 930° C., A.C. 26-5 17-5 45.3 76-0 99 
40 | 0-08 | 0-36 | 0-32 Ny: | 0-002 | Cr 0-55 - 26-1 18-6 44.5 74-9 99 
Series IX—Low C-B Steel; Variable Vanadium Content 

41 0-15 | 0-48 | 0.48 We ie V_ 0-07 | 935° C., A.C. 29-6 20-3 38-5 59-7 98 
42 | 0-14 | 0-47 | 0-37 fs V 0-10 = 30-1 21-1 41-5 71-8 98 
43 | 0-15 | 0-50 | 0-42 0-0043 | V 0-07 | 915° C., A.C. 30-7 19.8 37-5 67-1 75 
44 | 0-15 | 0-49 | 0.40 0-0042 | V_ 0-10 | 935° C., A.C. 30-9 21-0 39-5 67-7 66 
Series X—Ni-Mo Steel, with and without Boron ; Variable Molybdenum Content 

45 | 0-15 | 0-55 | 0-28 | 0-12 Aeks Ni 2-11 |. 880° C., A.C. 35-8 24-2 35-0 65-3 84 
46 | 0-15 | 0-59 | 0-28 | 0.21 Ni 2-07 . 37-0 26-5 34-0 62-0 72 
47 0-14 | 0-55 | 0-27 | 0-30 Be Ni 2-06 ‘é 38-8 29-9 32-0 62-2 76 
48 | 0-14 | 0-55 | 0-30 | 0-14 | 0-0025 | Ni 2-14 i. 40.9 31-3 30-6 63-9 80 
49 | 0-15 | 0-57 | 0-30 | 0-21 | 0-0026 | Ni 2-08 - 45-6 39-3 27-0 60-5 47 
50 | 0-14 | 0-55 | 0-30 | 0-31 | 0-0026 | Ni 2-12 . 45.3 38-1 26-0 58-7 40 
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Table I—continued 
















































































Analysis, °% Mechanical Properties 
I. - Heat- 
Oth reatment Maximum Yield Elong. | Reduction) , d, 
Steel Cc Mn Si Mo B wiiieonia Ph a PP 0g on _ of Area, fib. 
Series XI—Cu-—Mo-B Steel; Variable Copper Content 
51 0-18 | 0-48 | 0-51 | 0-45 | 0.0068 | Cu 0-07 | 910° C., A.C. 43-2 32-6 28-5 63-6 23 
52 | 0-16 | 0-49 | 0-50 | 0-47 | 0.0042 | Cu 0-27 a 43-0 35-0 28-0 63-6 27 
53 | 0-14 | 0-46 | 0.49 | 0-47 | 0.0037 | Cu 0-57 a 40-5 30-6 30-0 66-0 39 
54 | 0-18 | 0-46 | 0-50 | 0-46 | 0.0039 | Cu 0-80 oa 46-1 36-0 28-0 59.2 16 
Series XII—Cu-—Mo-B Steel with High Phosphorus ; Variable Copper Content 
55 | 0-15 | 0-45 | 0-45 | 0-45 | 0-005 | Cu 0-045) 910° C., A.C. 37-8 24-3 34-0 68 -0 22 
P 0-10 
56 | 0-17 | 0.49 | 0-52 | 0-47 | 0-007 Cu 0-29 40-9 26-2 32-0 61-6 14 
P 0-104 
57 | 0-16 | 0-51 | 0-52 | 0-47 | 0-005 Cu 0-52 * 43-9 28 -2 35-0 60.4 29 
P 0-099 
58 | 0-16 | 0-51 | 0-52 | 0-47 | 0-004 Cu 0-77 Re 47-0 33-8 30-0 59.2 14 
P 0-098 
Series XIII—1-0°, Mn-Mo-B Steel; Variable Molybdenum Content 
59 | 0-14 | 0-95 | 0-51 | 0-11 | 0-0031 fe 935° C., A.C. 36-4 22-8 36-0 65-0 69 
60 | 0-15 | 1-03 | 0-50 | 0-21 | 0-0033 . 45.9 33.2 28-0 59-0 42 
61 0-13 | 1-00 | 0-49 | 0-30 | 0-0033 a 47-0 33-3 29-0 62-0 25 
62 | 0-14 | 1-01 | 0-51 | 0-42 | 0.0037 6 50-7 35-1 23-0 59-0 18 
63 | 0-12 | 0-6 | 0-47 | 0-51 | 0-0034 ne 48-8 37-2 23-0 62-0 12 
Series XIV—1-5°, Mn-Mo-B Steel; Variable Molybdenum Content 
64 | 0-15 | 1-44] 0-49 | 0-11 | 0-0036 900° C., A.C. 43-7 28-9 29-0 45-0 33 
65 | 0-15 | 1-47 | 0-53 | 0-21 | 0-0038 ne 46.7 30-2 30-0 55-0 35 
66 | 0-14 | 1-44 | 0-49 | 0-31 | 0.0037 - 53-9 34-8 24-0 54-0 10 
67 | 0-15 | 1-45 | 0-47 | 0-43 | 0.0030 “ 58-6 43-0 21-0 48-0 8 
68 | 0-15 | 1-40 | 0-48 | 0-47 | 0.0028 =f 56-7 41-8 24-0 50-0 8 
Series XV—0.5°, Cr—Mo-B Steel; Variable Molybdenum Content 
69 | 0-14 | 0-55 | 0-46 | 0-11 | 0.0035 | Cr 0-51 | 930° C., A.C. 32-8 22-8 39-0 71-0 83 
70 | 0-14 | 0-57 | 0-42 | 0-21 | 0-0032 | Cr 0-53 = 41-4 28-1 31-0 63-0 63 
71 0-14 | 0-58 | 0-45 | 0-29 | 0.0029 | Cr 0.54 a 46-8 31-6 24-0 59-0 24 
72 | 0-14 | 0.56 | 0-46 | 0-41 | 0-0034 | Cr 0-55 Re 51.2 37-1 25-0 57-0 13 
73 | 0-14 | 0-58 | 0-54 | 0-50 | 0.0035 | Cr 0-57 “a 57-3 40.3 22-0 52-0 8 
Series XVI—1.0°, Cr-Mo-B Steel ; Variable Molybdenum Content 
74 | 0-15 | 0.57 | 0-47 | 0-11 | 0-0034 | Cr 1-02 | 885°C., A.C. 34-6 23-0 37-0 73-0 85 
75 0-13 | 0-55 | 0-43 | 0-18 | 0.0034 | Cr 0.99 | 895 C., A.C. 35-5 26-9 33-0 63-0 48 
76 | 0-14 | 0-54 | 0-51 | 0-30 | 0.0032 | Cr 0-96 | 905° C., A.C. 58-2 43-0 23-0 46-0 21 
77 | 0-14 | 0-58 | 0-53 | 0-41 | 0-0034 | Cr 1-09 | 915° C., A.C. 63-5 48.9 20-0 51-0 8 
78 | 0-15 | 0-59 | 0-49 | 0.49 | 0.0033 | Cr 1-05 | 925° C., A.C. 59.2 46-1 20-0 54-0 6 
































the elongation value shows a corresponding reduction. 
This lowering of the elongation without appreciable 
change in the reduction of area indicates pronounced 
local contraction at failure. 

Figures 15 and 16 illustrate the microstructures of a 
low-carbon, 0-5% molybdenum steel and a low- 
carbon, 0-5% molybdenum-boron steel, respectively. 
The specimens, which were heated for 20 min. at 
930-940° C. and air-cooled, were from 3-in. dia. bars 
produced from similar-sized ingots. 

The 0-5% molybdenum steel (Fig. 15) had the 
larger grain size and a microstructure comprising 
sorbitic pearlite areas in ferrite with a small amount 
of martensite. The pearlite and martensite areas of 
the 0-5% molybdenum-boron steel (Fig. 16) were 
much smaller and were more randomly distributed. 

Following the discovery of the remarkable effect of 
boron on the low-carbon, 0-59 molybdenum steel in 
the normalized condition, the question arose as to 
whether boron had a similar effect on low-carbon steels 
containing small proportions of other alloying 
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elements, and to what extent any effect might be 
dependent on the alloy content, in particular the 
molybdenum content. 

The high maximum stress and yield stress of the 
molybdenum-boron steel, obtained with such a low 
carbon content, indicated that this type of steel 
would probably satisfy the requirement of high 
strength coupled with a high degree of weldability. 
This requirement was a main objective of the work 
described, and all tests on experimental steels were 
carried out on material air-cooled from the tempera- 
tures shown in Table I, since for most purposes a 
high-strength weldable steel must have the desired 
properties in the as-rolled condition or after a simple 
heat-treatment not involving quenching and temper- 
ing. 

It is well known that the addition of boron to a steel 
is effective only when the steel is fully deoxidized. 
Satisfactory conditions were obtained when boron was 
added in the form of a proprietary compound called 
Sileaz and containing approximately 0-5°%, of boron, 
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35-40% of silicon, with calcium, titanium, aluminium, 
zirconium, and iron, although results showed that 
satisfactory properties can be obtained by the 
addition of ferro-boron subsequent to thorough 
deoxidation with aluminium. 


° RESULTS OF TESTS 

Particulars of analysis, heat-treatment, and mech- 
anical properties of the various experimental steels 
tested are given in Table I, arranged in series accord- 
ing to the variable element under investigation. 
Series I—0-5% Molybdenum-Boron Steel; Variable 

Carbon Content 

Steel 5, containing 0 -07° of carbon, had mechanical 
properties corresponding very closely to those of 
steel 2 of similar composition mentioned earlier. In- 
creasing the carbon content to 0-11% resulted in a 
slight increase in maximum stress and yield stress and 
also a slight decrease in the Izod impact figure. 
Further increase in carbon to 0-18% gave a maximum 
stress of 46-6 tons/sq. in. and a yield stress of 40-4 
tons/sq. in., whilst the impact figure fell to 14 ft.lb. 

In assessing the effect of increase in carbon, allow- 
ance should be made for the increase in manganese 
content. The results indicate, however, that there is 
a definite limiting carbon content of something slightly 
less than 0-18°% for the maintenance of high yield 
stress, maximum stress, and good ductility and 
toughness, although good mechanical properties are 
obtainable over a reasonably wide range of carbon 
content. 
Series II—0-05°, Carbon-—Molybdenum-Boron Steel ; 

Variable Molybdenum Content 

The mechanical test results on the six steels in this 
series are shown graphically in Fig. 1. Steel 8, con- 
taining 0-05°% of carbon and 0-15% of molybdenum, 
showed slightly lower maximum stress and yield stress 
values than steel 4, which had a slightly higher carbon 
content of 0-08°% and no molybdenum. Increasing 
the molybdenum content of this series to 0-25% 
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Fig. 1—0-05°, carbon steel 
containing 0.003% of boron 





Fig. 2—0-14°, carbon steel 
containing 0-003°, of boron 


raised the maximum stress by a relatively small 
amount from 24-5 to 27-6 tons/sq. in., and markedly 
increased the vield stress from 15-2 to 21-3 tons/sq. in. 
When the molybdenum content was further increased 
to 0-35%, both the maximum stress and the yield 
stress increased markedly to 33-8 and 29-1 tons/sq. in. 
respectively. With increase in molybdenum content 
still further to 0-44°%, the maximum stress reached 
36-2 tons/sq. in. and the yield stress 31-9 tons/sq. in. 
Further increase in molybdenum content up to 0 -62% 
had no material additional effect on the properties. 

Comparison of steels 8 and 11 shows that increasing 
the molybdenum content from 0-15 to 0-44% in the 
presence of boron raised the maximum stress from 
24-5 to 36-2 tons’sq. in. and the yield stress from 
15-3 to 31-9 tons/sq. in., these high maximum stress 
and yield stress figures being obtained with only 
0-04-0 -05%, of carbon in the steel. 

It is interesting to note that, in spite of the marked 
increase in maximum stress and yield stress with 
molybdenum contents greater than 0-25%, the 
reduction-of-area figures showed only a small decrease, 
although the elongation figures showed appreciable 
reduction corresponding with the high maximum 
stress and yield stress values. 

In all cases the impact figure remained high and 
within the range 95-100 ft. lb. 


Series III—0.14°%, Carbon—Molybdenum-Boron Steel ; 
Variable Molybdenum Content 

The steels of this series were similar in composition 
to those of series II, with the exception that the 
carbon content was higher, at 0-14%. Mechanical 
test results are shown in Fig. 2. 

So far as maximum stress and yield stress figures 
are concerned, this series showed similar character- 
istics to those of the 0-05% carbon—-molybdenum— 
boron steels of series II ; the main point of difference 
was a general shifting upwards of the level of maxi- 
mum stress and yield stress, the critical amount of 
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Figs. 1-3—Effect on mechanical properties of increasing molybdenum content 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


NOVEMBER, 1949 








m 
in 


el 
sp 
ge 
Se 





ull 
ly 


d 





LOW-CARBON, LOW-ALLOY STEELS CONTAINING BORON 281 


molybdenum at which the figures showed a marked 
increase being also at about 0-30%. 

Compared with the 0-05% carbon series, the 
elongation and reduction-of-area figures were corre- 
spondingly reduced, whilst the impact figures were in 
general slightly lower. 

Series IV—Molybdenum- Boron Steel Containing 
0-007°,, of Boron ; Variable Molybdenum Content 

The steels of this series were similar in composition 
to those of series III, with the exception that the 
boron content was higher at 0-007%. The mechanical 
test results on the six steels are shown in Fig. 3. 

Comparison of this series with series III shows that 
the yield stress and maximum stress were increased 
slightly as a result of the higher boron content, and 
the critical molybdenum content at which the 
maximum stress and vield stress figures increased 
rapidly was again of the order of 0-30%. The impact 
figures of the higher boron series tended to be 
appreciably lower than those of the lower-boron 
series. 

Series V-—0-46°, Molybdenum, Boron-free Steel ; 
Variable Silicon Content 

The object of this series of tests was to obtain a 
measure of the effect of silicon content on the 
mechanical properties in order that the separate effect 
of variation in boron content might be investigated, 
variation in boron introducing variation in silicon 
content as the result of the inclusion of ferro-silicon 
in the Silcaz material. Mechanical test results on this 
series are represented graphically in Fig. 4. 

The effect of increase in silicon content from 0-15 to 
00-78%, in the absence of boron, was to increase 
progressively, by about 6 tons/sq. in., both the 
maximum stress and the yield stress, although the 
highest values did not approach those of the previous 
0-40°% molybdenum steels containing boron. The 
percentage elongation did not 
show any appreciable varia- 
tion within this series, whilst 
the reduction-of-area values 
showed a slight progressive 
decrease with increase in 
silicon content. The impact 
figures decreased from 94 ft.1b. 
for the steel containing 0-15% 
of silicon, to 46 ft.lb. for the 


iw = & 


Max. stress 


nN 


STRESS, TONS/SQ.IN. 









26, without boron. Increasing the boron content to 
0-0045 and 0-:007%, allowing for the effect of silicon 
content, effected a slight increase in maximum stress 
and yield stress. The ductility remained fairly 
constant, but the impact figure fell from 89 to 30 
ft.lb. Increase in boron content to 0-009 and 0-011% 
produced a progressive decrease in maximum stress 
and a marked reduction in yield stress to 26-0 
tons/sq. in. in the case of the 0-009°%% boron steel, 
and 25-8 tons/sq. in. in the case of the 0-011% boron 
steel. The impact values did not show a progressive 
change with increase in boron content, but showed 
a definite decrease with increase in boron content 
beyond 0-0045%. 


Series VII—0-60°, Nickel Steel, with and without 
Boron 


The results of tests on steels 36, 37, and 38 showed 
that the addition of boron to a low-carbon steel 
containing 0-60° of nickel had no definite effect on 
the mechanical properties. 


Series VIII—0-57°,, Chromium Steel, with and without 
Boron 
The results of the tests on steels 39 and 40 showed 
that the addition of boron had no appreciable effect 
on the mechanical properties in the presence of 0-57% 
of chromium. 


Series IX—-Low Carbon-Boron Steel; Variable Vana- 
dium Content 
The four steels of this series were composed of one 
with 0-07% and one with 0-10°% of vanadium and two 
similar steels with 0-004°% of boron added. The 
addition of boron in the presence of 0-07 and 
0-10% of vanadium had no material effect on the 
mechanical properties, apart from a slight reduction 
in impact value. 
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Figs. 6-8—Effect on mechanical properties of increasing molybdenum content 


Series X—Nickel-Molybdenum -Steel, with and with- 
out Boron; Variable Molybdenum Content 


The mechanical test results of the steels in this 
series are shown graphically in Fig. 6. 

Comparing steel 45, containing 0-12 of molyb- 
denum, with steel 48, containing 0- 14°; of molyb- 
denum, it will be seen that the addition of boron 
increased the maximum stress by about 5 tons/sq. in. 
and the yield stress by about 7 tons/sq. in. With a 
higher molybdenum content of 0-21% (cf. steels 46 
and 49), the effect of the addition of boron was more 
marked, the maximum stress increasing from 37-0 
tons/sq. in. to 45-6 6 tons/sq. in. and the yield stress 
from 26-5 tons/sq. in. to 39-3 tons/sq. in. 

The effect of the addition of boron to the steel 
containing 0-30°% of molybdenum was similar to that 
of the addition of boron to the steel containing 0-12% 
of molybdenum, the maximum stress and the yield 
stress figures of the 0-30°, molybdenum-boron steel 
being similar to those of the 0-21% molybdenum- 
boron steel. 


The elongation figures were reduced as a result of 


the addition of boron, corresponding with the increase 
in tensile strength, but the reduction-of-area figures 
showed a relatively small decrease, again indicating 
marked local necking. 

The impact value of the 0-12°% molybdenum steel 
remained practically unaffected as a result of the 
addition of boron, but the two steels containing 0-21 
and 0-31% of molybdenum showed an appreciable 
reduction due to the boron addition. 

In general, the effect of the addition of boron to these 
2°% Ni-Mo steels was to raise the yield point and the 
maximum stress, the effect being most marked with a 
molybdenum content of about 0-20%. 
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Series XI—Copper—Molybdenum-Boron Steel; Vari- 


able Copper Content 

This series was designed with the prime object of 
determining the effect of copper on the atmospheric 
corrosion resistance of molybdenum-—boron steels. 
The results of the corrosion tests are not yet available. 

Steels of this series contained carbon of about 
0-16%, molybdenum about 0-45%, and the usual 
small addition of boron, except that in one case the 
figure reached 0-0068%. The steels varied in copper 
content from 0-07 to 080% %- The effect of increasing 
copper on the mechanical properties was in general 
fairly small. 

The results for steel 53 were somewhat low owing to 
the relatively lower carbon content of this steel. 
However, the increase in copper content from 0-07 to 
0-80% resulted in an increase of about 3 tons/sq. in. 
maximum stress to a figure of 46-1 tons/sq. in. and 
in yield stress from 32-6 to 36-0 tons/sq. in. 

No progressive change in elongation and reduction- 
of-area figures was evident, whilst the impact figures 
were generally fairly low, probably owing to the rather 
high carbon content of this series. 

The results indicated that, with carbon content of 
the order of 0-12 to 0-14% and copper content about 
0-50%, good maximum stress and yield stress, and 
reasonable impact figures would be obtained. 


Series XII—Copper-Molybdenum-Boron Steel with 
High Phosphorus ; Variable Copper Content 


This series also was designed with the object of 
determining the influence of phosphorus and copper on 
the corrosion resistance of molybdenum-boron steel. 
The steels were similar in composition to those of 
series XI, except that the phosphorus content was in- 
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creased from about 0-030 maximum to 0-:10%. The 
test results showed that in the presence of the higher 
phosphorus, copper had a definite effect on the 
maximum stress and yield stress. 

The maximum stress and yield stress of steel 55, of 
lowest copper content, were appreciably lower than 
the corresponding figures of the equivalent steel with 
low phosphorus content, No. 51. The difference in 
maximum stress and yield stress between the two 
series decreased as the copper content increased, and 
at the higher copper content of about 0-80°% the 
figures for the low and high phosphorus steels were 
similar. In the lower phosphorus steels a minimum 
yield stress of 30 tons/sq. in. was obtained in all the 
steels of the series, but this was not the case with the 
high-phosphorus steels, since a copper content of 
0-77% was required before the yield stress reached a 
figure of over 30 tons/sq. in. It is evident from these 
results that the presence of high phosphorus has 
interfered with the strengthening effect of the boron 
addition. 

The ductility figures of this series were all high, 
although the impact values were all relatively low, 
and further, the variation in impact value did not 
show any progressive change with increase in copper 
content. 


Series XIII—1%, Manganese- Molybdenum - Boron 
Steel ; Variable Molybdenum Content 


This series was designed with the object of determin- 
ing the effect of variation in molybdenum content in a 
boron-containing steel having a higher-than-normal 
manganese content of 1:0%. The results of the 
mechanical tests are shown graphically i in Fig. 7 

The steel containing the lowest moly ae 
content, namely, 0-11%, had relatively low maximum 
stress and yield stress figures of 36-4 and 22-8 tons/ 
sq. in. respectively. Increase in molybdenum content 
to 0-21% had a marked effect on the maximum stress 
and yield stress figures, which increased respectively 
to 45-9 and 33-2 tons/ /sq.in. With further increase 
in molybdenum content to 0-42%, there was a pro- 
gressive, though relatively small, further increase in 
maximum stress and yield stress to 50-7 and 35-1 
tons/sq.in. Further increase in molybdenum content 
to 0-51% caused a further slight increase in yield 
stress, although the maximum stress decreased to 
48-8 tons/sq. in. This decrease in maximum stress is 
probably accounted for by the lower carbon content 
of this steel at 0-12%, compared with about 0-14°% 
for the remaining steels. 

The marked increase in maximum stress and yield 
stress arising from increase in molybdenum content 
from 0-11 to 0-21% has been accompanied by a fairly 
large reduction in impact from 69 to 42 ft.b. Further 
increase in molybdenum content up to 0-51% has 
resulted in a progressive decrease in impact to a final 
value of 12 ft.lb. for the steel of highest molybdenum 
content. 

It would appear from these results, therefore, that 
in order to obtain a high yield strength in this type of 
steel, the molybdenum content would require to be 
not less than 0-20%. From practical considerations 
an increase in molybdenum content above about 
0-30% would not seem desirable in view of the rapid 
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decrease in toughness with increase in molybdenum 
content. It is doubtful even whether, with a figure 
of 0-30% of molybdenum, a reasonable impact would 
be obtained in certain sections and plates. 


Series XIV—1-5°, Manganese - Molybdenum — Boron 

Steel ; Variable Molybdenum Content 

The steels of this series were similar to those of the 
preceding series, with the exception that the 
manganese content was raised to 1-5%. Figure 8 
shows the results of mechanical tests on this series of 
steels. 

The effect of increase in molybdenum content in 
this series was more gradual than in series XIII. 
The maximum stress increased progressively from 
43-7 tons/sq. in. with 0-11% of molybdenum, to 
58-6 tons/sq. in. with 0-43°% of molybdenum, whilst 
the yield stress increased from 28-9 to 43-0 tons/sq. in. 
With further increase in molybdenum content to 
0-47%, the maximum stress and yield stress showed 
a slight decrease. 

The ductility, in general, corresponded with the 
increase in tensile strength, whilst the impact values 
were in all cases lower than those of the corresponding 
steels in the series with 1 -0°/ of manganese. 

Again, on the basis of a minimum yield of 30 tons, 
sq. in., satisfactory properties might be obtained with 
this steel containing 0-20° of molybdenum, but it 
would appear that any appreciable increase in 
molybdenum content would result in a marked lower- 
ing of the impact value to a dangerously low level. 


Series XV—0-5°, Chromium —- Molybdenum - Boron 
Steel ; Variable Molybdenum Content 
The steels of this series were similar to those 
of series IIT, containing 0-14% of carbon, 0-003% 
of boron, and variable molybdenum, but in 
addition 0:5°% of chromium. The mechanical 
properties of the steels are illustrated in Fig. 9. 
Increase in molybdenum from 0-11 to 0°:21% 
resulted in marked increase in maximum stress from 
32-8 to 41-4 tons/sq. in. and in a somewhat smaller 
increase in yield stress from 22-8 to 28-1 tons/sq. in. 
With further increase in molybdenum up to 0-50%, 
both the maximum stress and the yield stress increased 
gradually to 57-3 and 40-3 tons/sq. in. respectively. 
The impact values of this series showed a fairly 
regular reduction, with increase in molybdenum, to 
8 ft.lb. at 57-3 tons/sq. in. maximum stress. To 
obtain a minimum yield wiles of, say, 30 tons/sq. in. 
a minimum molybdenum content of about 0+: 25% 
would be required, and such a steel would have an 
impact value of about 30 ft.lb. maximum. 


Series XVI-—1°; Chromium — Molybdenum — Boron 
Steel ; Variable Molybdenum Content 

The steels of this series were similar to those of 
series XV, but contained a higher chromium content 
of 1-0%. The mechanical properties of these steels 
are shown graphically in Fig. 10. 

In this series the first two steels, containing 0-11 
and 0-18% of molybdenum, showed relatively low 
maximum stress and yield stress values, but increase 
in molybdenum to 0- -30% resulted in a very marked 
increase in both these “values from 35-5 to 58-2 
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Figs. 9 and 10—Effect on mechanical properties of 
increasing molybdenum content 


tons/sq. in. maximum stress, and from 26-9 to 43-0 
tons/sq. in. yield stress. Further increase in molyb- 
denum to 0-41% gave optimum figures of 63-5 and 
48-9 tons/sq. in. for the maximum stress and yield 
stress respectively, a further increase in molybdenum 
to 0-49% resulting in a slight reduction of these 
figures. 

The impact values of these steels decreased pro- 
gressively with increase in molybdenum, and with the 
critical molybdenum content of about 0-25%, at 
which the maximum stress and yield stress values 
increased rapidly, there was a marked reduction in 
impact value to a relatively low figure of about 25 
ft.lb. To obtain consistently high maximum stress 
and yield stress figures in a steel of this type, molyb- 
denum would require to be increased to a figure at 
which the impact value would be relatively low. 


GENERAL DISCUSSION OF MECHANICAL TEST 
RESULTS 

The effect of boron in improving the maximum 

stress and yield stress of low-carbon low-alloy steels, 

in the form of §-in. dia. bar in the normalized condi- 

tion, varied markedly according to the amount of 


molybdenum and other elements present in the steels. 


With small amounts of nickel and chromium of the 
order of 0-5% or vanadium of 0-10%, and in the 
absence of molybdenum, boron had no effect on the 
mechanical properties. With molybdenum in amounts 
up to 0-20%, the effect was small, but increasing the 
molybdenum to 0-35% in the presence of boron gave 
rise to a remarkable increase in yield stress and 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


BARDGETT AND REEVE : MECHANICAL PROPERTIES OF 


maximum stress. This critical nature of molybdenum 
with respect to boron is a noteworthy feature of the 
results on several series of steels examined. The 
addition of only 0-0016% of boron to a 0-14% carbon 
steel, containing approximately 0-40% of molybde- 
num, increased the maximum stress from 30-4 to 
38-3 tons/sq. in. and the yield stress from 16-9 to 
33-7 tons/sq. in. This addition of boron corresponds 
to only about half an ounce per ton of steel. There is 
no apparent advantage in increasing the amount of 
boron, and in fact when the boron content exceeds 
about 0-007% there is a marked deterioration in 
mechanical properties compared with the properties 
of material of lower boron content. The limiting 
carbon content for high yield stress, maximum stress, 
and toughness of normalized 0-5°%% molybdenum steel 
was fairly low at about 0-18%%. The addition of alloy- 
ing elements, such as nickel, chromium, and man- 
ganese, to the low-carbon molybdenum-boron steel 
in certain cases lowered the critical amount of 
molybdenum, 7.e., the content of molybdenum at 
which a marked increase in yield stress was obtained 
with increase in molybdenum content. In the case of 
nickel, full advantage of boron addition, as regards 
increase in maximum stress and yield stress, was 
obtained in a 2-0% nickel steel with about 0-20%, of 
molybdenum, although in this instance there was a 
marked reduction in toughness. A manganese 
content of 1% lowered the critical amount of molyb- 
denum also to about 0-20°% and again the toughness 
was markedly reduced with 0-20°% or more of molyb- 
denum. With 1-5% of manganese the steel showed a 
marked gradual increase in maximum stress and yield 
stress with increase in molybdenum, there being no 
critical value of molybdenum, and the toughness 
showed a sharp drop with increase in molybdenum 
beyond 0-20%. The 0-5% chromium-—molybdenum- 
boron steel also showed a marked gradual increase in 
maximum stress and yield stress with increase in 
molybdenum, and a rapid drop in impact above 
about 0-20% of molybdenum, whilst the 1-0% 
chromium-—molybdenum-boron steel showed a critical 
molybdenum content of about 0-25%, but with 
molybdenum exceeding this amount the impact values 
were low. 

The addition to the 0-5% molybdenum-boron steel 
of copper up to 0-80% had the effect of reducing the 
toughness, otherwise the mechanical properties re- 
mained more or less unchanged. When the phosphorus 
was increased to 0-10°%, the steels showed progressive 
increase in maximum stress and yield stress with 
increase in copper, these increases being accompanied 
by a reduction in toughness. 


Correlation of Mechanical Properties with Trans- 
formation Characteristics 

The results described in Part I of the paper, being 
confined to tests on 8-in. dia. bar, give no idea of mass 
effect. This is a matter to which the authors are 
giving close attention. The subject of mass effect is 
obviously one requiring a large amount of further 
work, but it has been studied to some extent and brief 
reference will be made to some of the results. 

From the point of view of general mechanical 
properties in the normalized condition, the 0-40% 
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molybdenum-boron steel, with about 0-50% of 
manganese, has been shown to be outstanding and 
most of the further work has been concentrated on 
this quality. 

Typical heating and cooling curves, for a steel 
containing 0-13°% of carbon, 0-46°% of molybdenum, 
0-51% of manganese, and 0-0017% of boron, are 
illustrated in Fig. 11. These show critical ranges of 
715-915° C. on heating and 820-690°C. (ferrite 
formation) and 550-500° C. (carbide formation) on 
cooling. Faster cooling rates suppress the transforma- 
tion to ferrite to about 630° C. and lower the tempera- 
ture of carbide formation. The effect of these changes 
on the microstructure is shown in Figs. 17 and 18. 

Specimens were cooled from 925°C. to various 
temperatures and then quenched in water. One set 
of specimens was cooled at a rate at which trans- 
formation took place at the higher temperature and a 
second set was cooled at a rate at which transformation 
occurred at a lower temperature. Photomicrographs 
of a selection of the first set of specimens are shown 
in Fig. 17, and of the second set in Fig. 18. Figure 
17 shows that the structure was completely untrans- 
formed at 850° C., but that appreciable transforma- 
tion to ferrite occurred at 800°C. When cooled at 
the faster rate (Fig. 18) no transformation occurred 
until a temperature lower than 650°C. had been 
reached. 

When cooled at the slower rate, carbide commenced 
to form at a temperature between 700° and 600° C. 
(Figs. 17¢ and d), and when cooled to 400° C. the 
structure was composed of sorbitic pearlite and ferrite. 
The faster cooling rate produced at 400° C. a structure 
which contained fewer and smaller carbide areas and 
smal] martensitic grains. The structure of the slowly 
cooled specimen (Fig. 17e) was similar to that of the 
0-58°% molybdenum steel without boron (Fig. 15). 

The effect of variation in cooling velocity on the 
transformation is shown in Fig. 12. The cooling 
velocity in degrees Celsius per minute is the average 
rate of cooling from 900-870°C. This range was 
chosen as being the widest permissible with accuracy 
between a normalizing temperature of about 930° C. 
and an observed beginning of transformation at 860°C. 
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Fig. 12—Effect of rate of cooling on the transformation 
temperature of 0-50°,, molybdenum-—boron steel. 
Analysis: C 0-14°,, Si 0-29°,, 
0.44°., B 0-0024°,, 


Mn 0-45°., Mo 


The curves show that transformation takes place at 
the lower temperature when the cooling velocity is 
30° C./min. and at the higher temperature when the 
cooling velocity is 20° C./min. With a cooling velocity 
of 25° C./min. the transformation occurs mainly at 
the lower temperature. The transfer from low- to 
high-temperature change, therefore, takes place with 
a relatively small change in velocity of cooling. The 
cooling velocity in degrees Celsius per minute through 
the range 900-870° C., below which transformation 
takes place partially or wholly at the higher tempera- 
ture, has been called the “ Limiting Rate of Cooling ”’ 
or ‘“ L.R.C.” This should not be confused with the 
critical cooling rate which implies a total suppression 
below the pearlite change-point. 

The velocities of cooling, measured as stated above, 
have been correlated with the velocities of cooling at 
the centres of bars and plates of different ruling 
sections, thus enabling the cooling rates, as determined 
on small specimens, to be expressed in terms of bar 
diameters and plate thicknesses. Moreover, mechani- 
cal tests showed that the limiting rate of cooling, by 
change-point determinations, was also the limiting rate 
corresponding to a change in maximum stress and 
yield stress. This method of approach was applied 
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Fig. 13—-Effect of molybdenum content on critical rate 
of cooling in relation to various thicknesses of 
plates and diameters of bars 
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BARDGETT AND REEVE: LOW-ALLOY STEELS 


to the determination of the maximum plate thick- 
nesses in which satisfactory mechanical properties, as 
measured by high maximum stress and yield stress, 
would be obtained in a series of low-carbon molyb- 
denum-boron steels of varying molybdenum content. 
The results of these tests are illustrated in Fig. 13. 
The molybdenum content, as given by Fig. 13, 
above which high yield and maximum stress values 
will be obtained in a 3-in. dia. bar, is about 0-30. 
This agrees closely with the corresponding value in 
Fig. 2. To obtain high maximum stress and yield 
stress values in larger sections, a higher molybdenum 
content is necessary. On the basis of these results, 
with a molybdenum content of about 0-40°%, satis- 
factory properties would be obtained in plates of about 
24 in. in thickness and in bars of about 5-in. dia., 
whilst a molybdenum content of 0-60°% would raise 


/ 


the thickness to 3 in. and the diameter to 6 in. 


Lower Limit of Effective Boron 

As previously stated, boron is not effective in raising 
the maximum stress and yield stress unless the steel 
is thoroughly deoxidized. It is not to be expected 
that the total amount of boron introduced into the 
steel will be effective as some of the boron is likely to 
enter into combination with oxygen and nitrogen. 
The question then arises as to what is the lower limit 
of effective boron. 

A number of molybdenum (0-38°, minimum)- 
boron steels, some of which had boron added as ferro- 
boron or as the compound Silcaz, were analysed to 
determine the amounts of boron which were respect- 
ively soluble and insoluble in dilute sulphuric acid, 
the determinations being carried out by the method 
published by Rudolph and Flickinger.* The steels 
examined included casts treated with various amounts 
of aluminium and to which boron was added in the 
form of (a) Sileaz, (6) ferro-boron, or (c) ferro-boron 
with ferro-titanium. Tests were carried out to 
determine the thickness, on the basis of limiting rate 
of cooling, in which high maximum stress and yield 
stress values would be obtained. 

The analyses, particulars of additions, and the 
limiting rates of cooling of the various steels are given 
in Table II, the steels being arranged in order of 
increasing acid-soluble boron. 

The relation between acid-soluble and total boron 
content is shown graphically in Fig. 14. The in- 
dividual points enclosed in circles represent steels 
having good mechanical properties, 7.e., high yield 
stress values in plates of up to about 2 in. in thickness, 
and those marked by crosses indicate steels having 
poor mechanical properties, 7.e., low yield stress values 
in plates greater than } in. in thickness. The hatched 
portion represents the division between the good and 
the poor steels and it will be seen that this division 
corresponds to about 0-0013 to 0-0015% of soluble 
boron. It is not claimed that the acid-soluble boron 
is actually the total amount of boron in solution in 
the steel, although the probability that the value is 
significant is shown by the constancy of the limiting 
amount of acid-soluble boron for good mechanical 
properties, irrespective of the total boron content. It 


* G. A. Rudolph and L. C. Flickinger, Steel, 1943, vol. 
112, Apr. 5, pp. 114, 131, 149. 
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Fig. 14—Relation between mechanical properties as 
measured by yield stress and acid-soluble and 
insoluble boron 


O 0-002 


is of particular interest to note that the amount of 
soluble boron necessary to ensure good mechanical 
properties is particularly critical on the basis of the 
method of test adopted, the change from poor to good 
mechanical] properties, as defined above, taking place 
with an increase in soluble boron from about 0-0012 
to 0-0015%. It is noteworthy that this critical 
amount appears to be independent of the mode of 
addition of boron. 

The réle which boron plays in modifying transforma- 
tion characteristics in these low-carbon low-alloy 
steels, and particularly its peculiar association with 
molybdenum in this respect, is being studied, but the 
work has not yet reached a sufficiently advanced stage 
to warrant publication. 


PART II—TESTS ON PRODUCTION STEELS 

The promise of good mechanical properties provided 
by the tests on the experimental ingots of low-carbon 
molybdenum—boron steels described in Part I was 
sufficient to justify the extension of the work to 
molybdenum-boron steels made under production 
conditions at the Branches of The United Steel 
Companies, Ltd. A 2-ton high-frequency cast was 
made at the works of Messrs. Samuel Fox and Co., 
Ltd., a 6-ton basic open-hearth ingot at Messrs. Steel, 
Peech and Tozer, and a 25-ton basic open-hearth cast 
at the Appleby-Frodingham Steel Company. 

2-TON HIGH-FREQUENCY CAST 

The 2-ton high-frequency cast was made with the 
main object of determining the properties of the steel 
in the form of tubes. These results are not yet avail- 
able, but the following particulars are given of tests 
on bar material : 
Cast E1716 
Ladle Additions : 
Analysis, °, : 


2 lb. of aluminium, 34 lb. of Silcaz 


Carbon 0-14 Nickel ... 0-10 
Manganese 0 -52 Chromium 0-03 
Silicon 0 -32 Molybdenum ... 0-44 
Sulphur ... 0 -029 — soluble 0 -0082 
Phosphorus 0-012 insoluble Nil 


Form of Material: 2-in. dia. bar, forged from 4-in. square 
billet 
Heat-Treatment : 


960° C., air-cooled. 
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per iaige of ad sees : Test rere were ow from arranged for the addition of controlled quantities of 
the heat-treate ar in accordance with the require- eons 1s ty ° re) “a 
ments of B.S.S. 970 (1947), the longitudinal axes of the Pr 9 re eae 6 pi ingot = 3 /o nl 
test pieces being § in. below the surface of the 2-in. dia. G@eMUM Steel, ine additions were made at regulal 
bar. intervals in weighed paper packets, fed into the 
tundish during teeming. A total of 2} 1b. of aluminium 
Tons/sq.in. and 84 Ib. of Sileaz was added in this manner. 
Maximum stress... wee oe oe 40- The pit-sample analysis of the main cast was as 
Yield stress ... see — cee ies 33 -0 follows : 
Proof stress : 


Mechanical E -roperties : 


r o Ns) ag .¢ %0 . % 
a oy s anpiecmaacatet 4 ‘ : Carbon oy Ocld Sulphur .-- 0-034 
0-10 My ia 27 Lk Manganese ... 0-55 Phosphorus ... 0-021 
0-05 °, Ae 27 -( Silicon oo Ovelo Molybdenum ... 0-46 

40 9 oe . . 7 
0-02 % me si 26 -6 whilst an analysis taken at the bottom of the boron- 
Limit of proportionality 22-7 treated ingot was as stated below : 
Elongation on 47/A... ai os ae i eA %, :, 
: FO Carbon .- 0-13 Phosphorus... 0-017 
oduc area ... oa% bie oo. 64-56% lps ra 
EOLA Bree sii Manganese ... 0-55 Molybdenum... 0-45 
Izod impact ... ies =. Bit <3. 98 ftAb. Silicon --. 0-381 Boron J 0luble 0 -0025 
Hardness H,/120 ... 200/208 across the 2-in. Sulphur --. 0-022 insoluble 0 -0005 


secti . . ™ ; 
pain The ingot was forwarded to the Appleby-Froding- 


, ‘ ham Company for rolling into plates and was 
of medium-carbon low-alloy steels hardened and cogged nares = 8-in. thick sig under ordinary 
tempered to the same tensile strength. Where such production conditions, within the temperature range 
properties are required in material which has to be 41 49_1950° C. (optical). No special difficulties were 
welded, the advantages of the low-carbon content are observed during the rolling operation, the ingot 
obvious. being noticeably free from cracks. Very slight dress- 
OPEN-HEARTH CASTS ing of the top slab was the only attention required 

The first of the open-hearth steels investigated was _ before charging to the reheaters. These slabs were 
prepared at Messrs. Steel, Peech and Tozer, who reheated to approximately 1300° C. and were rolled 


These properties compare favourably with those 


Table III 
MOLYBDENUM-BORON CAST 22/4185 
Mechanical Test Summary for }-in., ?-in., and 1l-in. Plates, as-rolled 

































































Mechanical Properties 
as, | See Maximum Yield Elong., °%, on: Reduction Izod Impact 
Stress, Stress,t of Area, 
tons/sq. in. tons/sq. in. 2-in. 8-in. % ft.Ib. Average 
4 L 47-6 35-6 30-7 14.1 51.4 34, 31, 30 32 
x 48.2 37-5 27-0 12-7 39-5 21, 19, 17 19 
3 L 45-3 32-0 30-2 12.4 41-0 6, 6, 6 6 
xX 44.7 31-1 30-7 14.0 47-1 Bs. Bad 9 
1 L 44.2 31-9 21-0 11-5 22-3 4, 4, 5 5 
x 44.3 32-8 19.5 9-8 18-9 4, 4, 4 4 
* L = Longitudinal, X = Transverse + Measured by dividers in all tests, no true yield stress existing 
Table IV 


MOLYBDENUM-BORON CAST 22/4185 
Mechanical Test Summary for }-in., }#-in., and 1l-in Plates, Normalized at 910-920° C. 

















Mechanical Properties 
Stimnets, fe.) Direction Maximum Yield Elong., %, on: Reduction Izod Impact 
Stress, Stress, of Area, , 
tons/sq. in. tons/sq. in. 2-in. 8-in. % ft.lb. | Average 
4 L 44.5 31-7 32-5 15-5 54-0 47, 45, 49 47 
x 44.8 30.2 27-0 14-7 47-0 30, 30, 30 30 
3 L 41.2 31-8 40-7 16-2 55-7 17, 20, 22 20 
xX 41-7 29.4 33-0 13-5 44.1 22, 25, 27 25 
1 
L 42-7 30-5 43.7 15-0 50-0 16, 19, 19 18 
x 41-2 29-7 40-7 16-0 39-5 21, 17, 18 19 
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into }-in., #-in., and l-in. plates, again under normal 
production conditions. Surfaces were ‘ fair to good ’ 
and no defective material was reported from the banks. 

The mechanical properties of test pieces taken from 
these plates in the as-rolled and normalized conditions 
are shown in Tables III and IV, and for comparison 
the mechanical tests on test pieces taken from the 
main cast without boron are given below : 
4°, Molybdenum Steel, Cast 22/4185 (without Boron). 

Properties of 0-564-in. dia. Test Piece Machined 
from 1}-in. square Bar 
Maximum Stress, Yield Stress, Elong..%, Reduction of Area, 
tons/sq. in. tons/sq. in. on 2in., % 
29-8 18 -2 41-0 69 -6 

It will be noted that in the as-rolled condition tensile 
and yield stresses are much higher than in the steel 
without boron, and ductility, as measured by elonga- 
tion on 2-in. (B.S.I. test piece A), and reduction of 
area were fairly good in the }-in. and ?-in. plates. 
Impact properties, except in the }-in. plate, were poor. 

On air-cooling from within the range 910-920° C., 
tensile and yield stresses fell to a lower Jevel, though 
still remaining high as compared with the same steel 
without boron (see above). In all the plates yield 
stresses exceeded 29 tons/sq. in., though lower values 
were obtained in some of the early tests which were 
subsequently found to be due to normalizing from too 
low a temperature. 

Ductility, as measured by reduction of area, in- 
creased appreciably after normalizing, particularly in 
the 1-in. plate, whilst elongations, particularly over a 
2-in. gauge length, were also improved. Necking of 
the test pieces was very evident in line with the 
marked local elongation. This is illustrated in Fig. 22. 

The fractures in the normalized condition were all 
silky. Impact values also improved appreciably after 
normalizing. 

Chemical analyses of test pieces, including soluble 
and insoluble boron content, are given below : 
Chemical Analyses of Plate Test Specimens of Molybdenum- 

Boron Steel. Cast 22/4185 
t-in. Plate ?-in. Plate 1-in. Plate 


Carbon rrr © ee a 
0-14 ae 0-13 
Manganese ... ar ooe ©6055 0-57 0-55 
0-59 set 0-59 
Silicon ~ pee .. 0-404 0-404 0-404 
0-418 ave See 
Sulphur ta Biss -. 0-026 0-024 0-025 
0 -027 Pie oan 
Phosphorus ... bas .. 0-018 0-021 0-019 
0-023 eka ins 
Molybdenum... bee .. 0-373 0-393 0-344 
0-373 ies 0-427 
Boron* 
Soluble eae Sve ... 0-0035 0-0035 0-0032 
0-0036 0-0034 0-0031 
0-0033 00-0032 0-0033 
Insoluble ... ie -.- 0-0002 0-0002 0-0006 
0-0002 0-0003 0-0004 
0-0003 0-0003 0-0002 


* Boron analyses were not carried out on identical samples as used for 
the remainder of the analyses, though they were taken from the same plates. 

The boron content is surprisingly constant, consider- 
ing the fact that the final additions were made in the 
mould. It is preferable, however, to make the boron 
additions to the ladle and this method was used in 
subsequent casts. Additions to the mould are not 
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Fig. 22—Marked local necking of broken tensile test 
piece in 1-in. molybdenum -boron steel plate 


desirable and were used in this case for experimental 
purposes only. 

In view of this satisfactory confirmation of the 
results on small experimental casts by the product of 
the 6-ton ingot, it was decided to take the work a 
stage further by making a 25-ton cast of a similar 
steel at the Appleby Melting Shop, using as base 
material normal tilting-furnace steel, and making all 
necessary alloy additions in the ladle. A suitable heat 
of steel was tapped from furnace R on 15th November, 
1948, the tapping temperature being 1602°C., and 
the tapping analysis was as follows : 


Carbon 0-075 Phosphorus 0-025 
Manganese ... 0-08 Oxygen 0-048 
Sulphur 0 -037 Tapping iron in 

slag ... nade (kane 


The necessary additions of carbon, ferro-manganese, 
silico-manganese, ferro-molybdenum, aluminium, and 
Sileaz were made entirely as ladle additions, the 
following quantities being required : 


Lb. Lb. 
Carbon ... oes 20 Ferro-molybdenum 575 
Ferro-manganese 185 Silcaz er ae 400 
Silico-manganese 185 Aluminium aa 16 


The ladle was teemed into one 10-ton, one 6-ton, 
and two 4-ton brick-top moulds through a 2-in. nozzle. 
Pit-sample analyses were taken for each ingot, with 
the following results : 


Pit-Sample Analyses, 


Ingot : A B Cc D 

Cc ye veo Oa S 0-13 0-13 0-14 
Mn see - 0-68 0-46 0-50 0-52 
Si ida ... 0-270 0-275 0-271 0 -286 
S ae ... 0-034 0 -034 0 -034 0 -034 
lg fae --. 0-083 0-034 0-030 0-031 
Mo sine .. 0-458 0-371 can 0 -382 
B 

ee .. 00-0035 0-0040 0-0035 0-0035 

Insol. ... ... 90-0001 0-0001 0-0001 00-0001 
O, ne .. 0-016 oes 0-018 0-017 


The 10-ton and 6-ton ingots A and C were cogged at 
Appleby into 10-in., 7-in., and 3}-in. thick slabs 
and were rolled to the following plate sizes : 

1 plate 25 ft. 0 in. x 494 in. x 1 in. 

1 plate 25 ft. 0 in. x 49 in. x 1 in. 

1 plate 30 ft. 0 in. x 48 in. x 0-75 in. 

2 plates 30 ft. 0 in. x 48 in. x 0-49 in. 
2 plates 30 ft. 0 in. x 48 in. x 0-245 in. 
3 plates 30 ft. 0 in. x 54 in. x 0-125 in. 


Soaker and reheater temperatures were normal and 
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no particular difficulties were reported during rolling. 
The 4-ton ingots B and D were sent to the Froding- 
ham Mill and were rolled into the following sections 
under normal production conditions: 10 x 3}-in. 
channels, 3 x 1}-in. channels, and 5 x 5-in. billets. 


MECHANICAL TESTS ON PLATES 
Results of the mechanical tests on plates 4-1} in. 
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Table V, and after normalizing in Table VI. 
Normalizing of the 4-}-in. material inclusive, was 
carried out from 930° C., but with the thicker material 
better results, particularly as regards yield stress, were 
obtained by normalizing from 960° C. 

It will be noted from Table V that, in the as-rolled 
condition, the maximum stress and yield stress of all 
plates were very high, but the impact properties 


in thickness in the as-rolled condition are given in of the thicker material (}-in. and upward) were 

























































































Table V 
MOLYBDENUM-BORON CAST 17388 
Mechanical Tests on Plates }4-in. to 1}-in., as-rolled 
Mechanical Properties 
Thick- Plate | Direc- 
=. Plate Slab End tion aon —. Elong., %, on : [Reduction Izod Impact Type of Fracture 
tons/ ; ek) .. 1 ak | of Area, Aver- 
oq. ia. i 2-in. | 8-in. % ft.Ib. ae 
} T2229; C2 A L 52-1 45-7 18-3 | 11-3 39-8 Silky 
x 53-0 46-6 16-8 9.7 31-3 
} T361 | C5 A L 44.2 35-2 29-2 | 15-1 51-6 Mainly silky, slight 
x 44.2 35-7 24-0 | 13-6 40.4 central woodiness 
B L 44.0 35-1 26-2 | 14-3 46.4 Silky 
x 44.5 34-5 24-2 | 13-8 41-8 
3 A476| C7 A L 42-6 32-4 33-2 | 15-4 55-0 49, 31, 32 37 | Mainly silky, slight 
x 42-0 32-1 24-2 | 12-2 36-3 18, 16, 17 17 central woodiness 
3 A609; Al A L 42:5 33-4 27-3 | 15-5 35-8 10, 6, 6 7 |Part silky, part 
x 43-3 35-4 21-2 | 13-4 23-8 4, 4, 4 4 crystalline 
1 A617| A2 A L 43-2 32-0 23-0 | 14-2 29-6 q, By 4% 5 |Crystalline 
x 43-3 33-4 20-0 | 13-4 20-7 4, 4, 5 4 
13 | A618} A3 A L 43-5 ; 32-5 23-3 | 12-7 28 -3 4, 3, 4 4 |Crystalline 
x 43-5 33-1 19-8 | 11-5 20-5 4, 4, 3 4 
Table VI 
MOLYBDENUM-BORON CAST 17388 
Mechanical Tests on Plates }-in. to 1}-in., Normalized at 930-960° C. 
Mechanical Properties 
Thick- 
.~ Plate Slab — —— ———s tila Elong., %, on: ener ee Izod Impact Remarks 
tons/ tons/ , = Are, Aver- 
sq. in. | sq. in. | 2-in. | 8-in. % ft.lb. a 
4 T229| C2 A L 42-3 31-3 24-0 | 14-2 41-3 Silky fracture 
x 42-6 30-6 22-2 | 13-9 41-8 
} T361| C5 A L 39-8 30-5 30-3 | 15-3 52-7 Silky, slight cen- 
7 40-5 31-2 27-5 | 14-9 46-8 tral woodiness 
B L 39-9 31-5 28-8 | 16-1 50-9 Mainly silky 
x 41-0 32-0 26-5 | 15-7 41.1 
j A476| C7 A L 37-8 28-5 29-8 | 15-1 58-8 96, 94, 93 94 | Silky, slight cen- 
x 37-6 28-2 28-0 | 13-4 46-0 | 34, 47, 30 37 tral woodiness 
3 A609; Al A L 37-6 28-4 | 42-0} 19-0 63-0 54, 49, 44 49 | Silky 
x 37-6 28-4 38-0 | 18-0 53-0 | 20, 21, 20 20 | Silky 
1 A617| A2 A L 38-5 30-8 40-5 67-5 | 30, 28, 27 28 | Test piece 0-874 x 
x cA e: ee ron 19, 23, 21 21 0-753 in. 
1} A618} A3 A L 35-7 27-8 43-0 61-6 | 35, 42, 39 39 | Test piece 1-389 x 
x a eae = ae 25, 20, 24 23 0-621 in. 
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undesirably low. Material }in. thick, in the as-rolled 
condition, gave reasonably good impact values, 
combined with high yield stress and good ductility. 
It is probable that material }-} in. in thickness in- 
clusive could be used for many purposes in the as-rolled 
condition. 

After normalizing (Table VI) there was some fall in 
tensile and yield stress as compared with the as-rolled 
plate, but the mechanical properties were still very 
high, whilst impact properties improved considerably, 
and ductility, particularly as measured by reduction 
of area, was very pronounced indeed. The fractures, 
which in the thicker plates were crystalline in the 
as-rolled condition, became silky after this normalizing 
treatment. 

Chemical analyses of a number of test pieces taken 
from both ends of each plate are given in Table VII. 
Attention should be drawn to the fact that the molyb- 
denum content of this cast was somewhat below the 
desirable figure for obtaining the best properties, 
particularly in thicker plate (see p. 287). This no 
doubt accounts for the tendency for lower yield stress 
on thicker material when normalized below 960° C., as 
mentioned above. 

The marked constancy of the boron analyses and 
the low insoluble-boron figures throughout the cast 
are noteworthy, since some fears were expressed that 
there might be difficulty in attaining such uniformity 
in an open-hearth cast. 

Microstructures of the l-in. plate, in the as-rolled 
and normalized conditions, are shown in Figs. 19 
and 20. 


MECHANICAL TESTS ON SECTIONS 

The mechanical tests on 10 x 34-in. and 3 x 1}-in. 
channels in the as-rolled condition are shown in 
Table VIII. The yield stress of all sections was above 
30 tons/sq. in., and ductility, as measured by reduction 
of area and elongation on 2 in., was almost as good as 
in the normalized plate material. Impact tests on 
the 10 x 34-in. channels averaged 18 ft.lb. Impact 
tests of the standard type could not be carried out on 
the 3 x 1}-in. channels, owing to the section being 
too thin, but Hounsfield tensometer slow bends gave 
an equivalent Izod figure of 38 ft.lb. Whilst these 
figures were improved by normalizing, it is felt that 
the improvement does not justify the complications 
which normalizing of sections introduces in practice. 
For certain engineering applications a more detailed 
knowledge of proof stress than is given by the yield 
stress is desirable. The following proof stress values 
have been obtained on specimens cut from the web of 
10 x 3}-in. channels in the as-rolled condition : 


Maximum stress, tons /sq. in. ae 44-8 
Proof stress, tons/sq. in. 
0 -20°, extension ... ... Not determined 
0-10°, Pe ma rer vee 28 -3 
0 -05°, 4 ose ee re 25-9 
0 -02% eee ees see 23 -4 


Chemical analyses of a number of test pieces taken 
from both channel sections are given in Table IX. 

Summing up the position regarding the production 
of this steel by the basic open-hearth process, it is felt 
that no inherent difficulties are present in the making 
of the steel, nor in making the alloy additions. The 











Table VII 
CHEMICAL ANALYSES (%) OF MOLYBDENUM-BORON STEEL—CAST 17388 
Boron 
bay I i s P M 

ness, in. — i ” 7 1 Sol. Insol, 
} Z2 C2A 0-11 0-46 0.254 0-033 0-026 0.407 0.0035 0.0001 
Y4 C2A 0-11 0.45 0-254 0-035 0-028 0-408 0.0034 0-0002 
X2 C2A 0-11 0.47 0.244 0-033 0-025 0.404 0-0035 0.0001 
} X2 C5A 0-10 0.47 0-193 0-036 0-026 0-387 0.0032 0.0002 
Z2 C5A 0-11 0.47 0-193 0-035 0-024 0.393 0-0032 0.0002 
Y2 C5A 0-11 0.47 0-193 0-034 0-024 0.404 0-0031 0.0002 
3 Z2 C7A 0-12 0.42 0-282 0-025 0-393 0-0032 0.0002 
Y2 C7A 0-11 0-42 0.273 0.023 0.400 0-0033 0.0002 
X2 C7A 0-11 0-42 0-278 0-025 0-407 0.0032 0.0001 
} Y3 AIA 0-12 0.44 0-226 0-026 0.384 0-0032 0.0002 
Z1 AIA 0-14 0-47 0.272 0-023 0-371 0.0033 0-0002 

0-14 
Z3 AIA 0-12 0.44 0-286 0-024 0-384 0.0034 0.0001 

0-12 
1 X2 A2A 0-12 0.43 0-230 0-025 0-378 0.0033 0-0001 
Y2 A2A 0-13 0.42 0-246 0-026 0.387 0-0032 0.0002 
Z2 A2A 0-12 0-43 0.230 0-025 0.384 0.0033 0.0002 
Z3 A2A 0.14 0.44 0-272 0-022 0-380 0.0033 0-0001 

0.14 
X1 A2A 0-13 0-42 0-240 0-023 0-373 0.0033 0.0002 
13 X2 A3A 0-12 0.44 0-268 0-038 0-021 0.384 0-0035 0.0001 
Z2 A3A 0-12 0.43 0.273 0-037 0-022 0-380 0 -0033 0-0001 
Y2 A3A 0-12 0.43 0-268 0-039 0-023 0-373 0-0033 0.0001 
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Table VIII 
MOLYBDENUM-BORON CAST 17388 
Mechanical Tests on 10 x 34-in. and 3 x 1}4-in. channels, as-rolled 

































































Mechanical Properties Impact Tests 
Test Elong., %, on: 
Maximum Yield Reduction Hounsfield Tenso- 
Pi Test Izod, ft.lb., standard 
a fo ee ain. | rAre® | Piece | 10-mm. sq. specimen | eters equiv. Izod, 
| 
10 x 34-in. Channels 
D1/2 42.9 30-7 25-0 14.5 45-0 7/1 20, 15, 20 29, 27 
D2/2 43.4 30-5 26-0 15-5 44.0 
D3/2 42.2 31-8 34-0 15-5 54-0 
D4/2 42.4 29-3 30-0 16-5 56-0 
| 
Aver.: 42-7 30-6 28-7 15-5 49.7 18 28 
3 x 14-in. Channels 
7/2 43-5 33-8 26-0 13-5 54-0 D/4 Not determined 39, 37 
15/4 44.2 33-5 25-0 14-0 45-0 (web too thin) 
16/4 43-8 32-5 26-0 13-0 47-0 
| 
Aver.: 43-8 33-3 25-6 13-5 48-6 | 38 
i 
Table IX 
MOLYBDENUM-BORON CAST 17388—CHEMICAL ANALYSES (%) OF SECTIONS 
Baron 
Position in Ingot Mark Cc Mn Si P Mo 
Sol. Insol. 
10 x 34-in. Channels 
oo pee Di/1 0-1 -53 0-292 0-029 0-384 0-0033 0-0001 
Middle ste D2/1 0-13 0-52 0-272 0-030 0-384 0-0034 0-0001 
Bottom ae D4/1 0-1 -52 0-301 0-029 0-382 0-0032 0-0001 
3 x 1}-in. Channels 
 __—_ as 7/1 0.14 0.44 0-296 0-031 0-396 0-0030 0.0002 
Middle 15/3 0.14 0-46 0-301 0-030 0-400 0.0032 0.0002 
Bottom 16/3 0.14 45 0.287 0-031 0-400 0.0035 0-0001 



































original doubts about the accuracy or uniformity of 
the boron additions seem to have been groundless. 

Further experience of production casts is desirable 
to confirm these results, and with this end in view 
several more casts have been planned for production in 
the near future. 


WELDING TESTS ON MOLYBDENUM-BORON 
STEELS 

A study has been made of the welding properties of 
the steel, with particular reference to degree of harden- 
ing and freedom from cracking during are welding. 
With the continued growth of arc welding as a 
method of steel fabrication, it need hardly be 
emphasized that the development of any new type of 
high-tensile structural steel must be closely associated 
with a parallel requirement for ease of welding. ~ 


Cracking Tests 

The subject of cracking during welding has received 
considerable attention in recent years, and whilst no 
strict definition of ‘weldability’ is possible, the 
tendency has been to define it, at least as far as high- 
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tensile steels are concerned, in relation to certain 
weldability tests, of which that associated with one 
of the present authors (L.R.) is in fairly common use 
in this country. This test measures the percentage of 
cracking suffered by a standard-size test piece, when 
welded in the restraining jig shown in Fig. 23. Full 
details of the method of using this test and a discussion 
of the results obtained have been published tlsewhere,* 
but briefly the method employed is as follows : After 
cutting to size, drilling, and smoothing the plate 
surtaces on a surface grinder or linisher, the two plates 
are bolted to the jig. Edges 1, 2, and 3 (Fig. 23) are 
then welded successively, using a fairly heavy gauge 
electrode (4G or 6G, depending upon the plate thick- 
ness). The whole set-up is then allowed to cool to 
room temperature and, if necessary, any loosening of 
the bolts is taken up. Edge 4 is then welded, using 
the size and type of electrode to be used in production. 
It will be noted that this last weld has been made 





* T. Swinden and L. Reeve, Transactions of the Institute 
of Welding, 1938, vol. 1, pp. 7-24; L. Reeve, Ibid., 1940, 
vol. 3, pp. 177-202. 
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Fig. 23—Reeve fillet-weld cracking test 


under conditions of extreme restraint, since the two 
plates cannot, at this stage, move in relation to one 
another, and all stresses arising from the cooling of 
this last weld are therefore thrown upon the weld 
itself and upon the adjacent plate. 

Usually, in welds in high-tensile steel, the plate 
material immediately adjacent to the weld undergoes 
considerable hardening and, under the conditions of 
this test, may suffer some degree of cracking. Such 
cracks usually extend from the root into the vertical 
hardened zone, though occasionally they are also 
found in the horizontal zone. Cracking may be 
detected by removing the test piece from the jig, 
usually after leaving overnight to cool, and sawing 
at the positions shown by the dotted lines in Fig. 23. 
The cross-sections of the three test pieces A, B, and 
C, after polishing and lightly etching, can be examined 
for cracks which are often visible to the naked eye, 
but which usually require magnetic crack-detection. 
In some cases the cracks cannot be seen except by 
microscopic examination. Induction periods of up to 
3 days have been reported during which cracks may 
form and spread, and it is advisable to re-examine the 
specimens after 7 days for a final check. A typical 
crack in a 0-24% carbon, 1-68, manganese steel is 
shown in Fig. 24. 

The extent of cracking is usually reported as a 
percentage of the leg length. The degree of cracking 
usually increases with increasing thickness of plate 
and normally decreases as the weld size is increased. 
It is, of course, highly dependent upon plate analysis, 
usually increasing with increasing carbon and alloy 
content, whilst the type of electrode used also plays 


NOVEMBER, 1949 


an important réle. The following results have been 
obtained from this type of test on }-in. and 1-in. thick 
molybdenum-—boron steel plates, using 8G Lincoln 
85 high-tensile electrodes for the test run : 


Reeve Cracking-Tests on }-in. and 1-in. Molybdenum-— 
Boron Steel Plates (Normalized) 


Cracking, Hardness, Hp/10 
Anchor Weld Test Weld % Mean Max. Weld 
}-in. plate 
4G Ironex, 8G Lincoln 85, None 398 413 235 
196 amp. 148 amp, 
9-6 in. 
1-in. plate 
4G Tronex, 8G Lincoln85, None 413 417 251 
196 amp. 148 amp., 
10-6 in. 


Despite hardness figures exceeding 400 Vickers, no 
cracking could be detected. 

Similar tests with other electrodes have shown that 
this steel is outstandingly resistant to hard-zone 
cracking. Incidentally, an 8G electrode is much 
smaller than would normally be employed on 1-in. 
thick plate, for which 6G and probably 4G would be a 
preferable minimum. As pointed out earlier, the use 
of the larger weld fillets deposited by such electrodes 
reduces the degree of hardening adjacent to the weld 
and so further reduces any danger of cracking. Thus, 
in another cracking test where l-in. molybdenum- 
boron plate was welded with 6G electrodes, the mean 
hardness adjacent to the weld fell to 369 Hp/10, with 
a maximum of 391, with complete absence of cracking. 
A section of this weld is shown in Fig. 21. Repeat 
cracking tests with the plates cooled to 0° C. before 
welding have also been carried out and have shown 
complete freedom from cracking. This must be 
regarded as a particularly drastic type of test. 

Butt Weld Mechanical Tests 

In addition to cracking tests, butt welds between 
normalized }-in. and 1-in. plates have been prepared. 
Results of the usual tests in and adjacent to the weld, 
and the electrodes used, were as follows : 


Max. Stress, Elongation, %, on: Bend Test, Izod, ft Ib. 
tons/sq.in. 2-in. 8-in. 4T dia. A* Bt 
}-in. plate, Lincoln Shieldarc 85 electrode 
42.7 20-0 10-0 180°, no 32 51 
fracture 
1-in. plate, Lincoln LH 70 electrode 
38 -0 35-0 16-0 180°, no 19 67 
fracturet 


* 4 = heat-affected zone, B = centre of weld. 
+ Slight surface rupture when closed to 3T dia. 

In the case of these high yield stress steels, it has 
sometimes been found difficult to meet the 180° bend- 
test requirement, particularly in the case of thicker 
plates, since the weld metal must have high yield 
stress and tensile strength comparable to that of the 
plate, combined with the necessary ductility. The 
electrodes used in the above tests, however, have 
met these requirements in the case of the steels under 
discussion. 

Further welding tests are proceeding, but the 
indications so far are that no special difficulties are 
likely to be encountered in the arc welding of molyb- 
denum-boron steel for structural purposes. As regards 
resistance to cracking, in particular, the steel is out- 
standing, considering its high tensile and yield stress 
values. 
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Fig. 24—Typical vertical hardened-zone crack in Reeve 
test on a 0:24% carbon, 1:68 °%, manganese steel 
plate. Etched with 1 % nital <8 


SUMMARY AND CONCLUSIONS 
Part I 

Mechanical tests were carried out on several series of 
steels, all having carbon contents within the range 
0-04 to 0-18%, made in an 18-lb. high-frequency 
furnace and tested in the form of normalized 3-in. dia. 
bar. Small additions of molybdenum to a steel 
containing 0:05 to 0-14% of carbon and about 
0-003°, of boron had only a small effect on the 
mechanical properties, but when about 0-30% of 
molybdenum was added there was a striking increase 
in both maximum stress and yield stress and a still 
greater increase when the molybdenum content was 
raised to 0-40%. A steel containing 0-14% of 
carbon and approximately 0-40% of molybdenum, 
with 0-0016°% of boron, had a maximum stress of 
38-3 tons/sq. in. and a yield stress of 33-7 tons/sq. in., 
with good ductility and toughness. The correspond- 
ing figures for a steel of similar composition, but 
without boron, were 30-4 and 16-9 tons/sq. in., 
respectively. Thus the yield stress was doubled by 
the addition of 0- -0016% of boron. 

Steels containing small amounts of nickel or 
chromium or vanadium, in the absence of molyb- 
denum, were practically unaffected by the addition of 
boron, but the critical molybdenum content, i.e., the 
content at which the maximum stress and yield stress 
showed a rapid increase with increase in molybdenum, 
was lowered to about 0-20% in steels containing 
boron together with either 2-0°% of nickel or 1-0°% of 
ere ips and to about 0-25% in steels containing 

1-0% of chromium. With 1-5 5%, of manganese or 
0-5°% of chromium in the presence of boron, the 
maximum stress and the yield stress increased 
markedly and gradually with increase in molybdenum 
content. 

Whilst marked increases in maximum stress and 
yield stress occurred in these low-alloy steels contain- 
ing boron when the molybdenum content wasincreased 
above a certain figure, the steel possessing the most 
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attractive properties was the molybdenum—boron 
steel containing about 0-14% of carbon, about 0-40% 
of molybdenum, and about 0-003% of boron.* 

The question of mass effect has not been fully 
explored, but the results indicate that plates 2 in. in 
thickness and probably greater will yield the high 
strength properties referred to, provided that the 
acid-soluble boron does not fall below about 0-0013 
nor rise above about 0-007%,. 


Part II 

Production casts of low-carbon molybdenum- 
boron steel, made in high-frequency and basic open- 
hearth furnaces, have given results confirming the 
high maximum stress and yield stress of this steel 
promised by the experimental steels reported in 
Part I. There has been no difficulty in introducing 
the desired quantities of boron into the steel by 
additions to the ladle, and it has been very uniformly 
distributed throughout the casts. 

On the basis of present knowledge, normalizing of 
thicker plates (from about ? in. upwards) appears to 
be essential to improve ductility and if satisfactory 
impact values are to be obtained. The possibility of 
further improving the impact values, particularly of 
very thick plate, is receiving further attention. 

It is probable that plates }—} in. in thickness in- 
clusive could be used for many purposes in the as- 
rolled condition. 

Rolled sections up to 10 x 3$-in. channels appear 
to give satisfactory mechanical properties, even in the 
as-rolled condition, the yield stress and the 0-02% 
proof stress being particularly high. 

Weldability of this steel, as measured by severely 
restrained cracking tests, appears to be particularly 
good for steels of such high yield stress. 

Further experience of production casts is desirable 
to confirm these results and, with this end in view, 
several more open-hearth casts have been planned for 
the near future. 
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Discussion on the Paper— 


THE CONVERSION TO OIL FIRING OF THE OPEN-HEARTH FURNACES AT 
PARK GATE WORKS* 


by D. F. Marshall and H. C. White 


Dr. D. F. Marshall (Park Gate Iron and Steel Co., 
Ltd.), who presented the paper, said that the objects of 
the conversion were to increase the outputs of existing 
units and to make possible the operation of the continuous 
working week. Some indication of the progress made 
was given by the following comparison of shop outputs 
in similar periods of four consecutive years : 


Shop 
Total No. of Shop Output 
Shifts Output Furnaces Output (Correct 
wk., Ingots, Working, (av./wk.), to 7-5 
Fuel fuel on tons av./wk. tons units) 
1946* ’ 
Prod. gas 193 58,930 7°3 4530 4654 
1947* 
Prod. gas 19} 58,113 7-2 4470 4656 
1948* 
1f’ceonprod. 20 73.055 7:0 5620 6021 
gas, 8 f’ces. 
on oil 
1949* ; 
Oil fuel 21 81,980 7:5 6306 6306 


* 13 weeks of first quarter. 


The scale of operations had a profound influence on both 
the procedure adopted and the results achieved. In- 
formation on the operation of open-hearth furnaces 
could be obtained by theoretical calculation, by tests 
on laboratory models, by trials on individual furnaces, 
or, as in the present case, by analysing the performance 
of an entire shop. Each method had its own peculiar 
difficulties, but the results achieved using the first three 
methods must eventually be capable of application on a 
large scale. Large-scale analysis of performance brought 
in variables of plant layout, furnace design or supply 
problems which, although not necessarily common to 
scaled-down tests, could completely mask the effect of 
applied fundamental research. 

Similarly, the application of instrumentation or 
specific furnace operating procedure required some 
special consideration which might be quite different from 
the procedure adopted for a single furnace. 
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The experience gained at Park Gate during the past 
two years had certainly justified the attention originally 
paid to this problem of large-scale application of what, 
for want of a better term, might be called ‘ scientific 
common sense.’ 


Mr. R. W. Evans (Steel Contpany of Wales, Ltd.), 
opening the discussion, said : I congratulate the authors 
and the Park Gate Company on the excellent results 
of the conversion of their plant from producer-gas 
to oil firing. I think it would have been helpful if the 
authors had given at various points, in Fig. 18, for 
instance, the furnace capacities and possibly the hearth 
areas to which they refer ; the analysis of the hot metal 
used would also be useful, so that the metallurgical 
load on these furnaces could be assessed. 

The authors are quite right to emphasize the standard- 
ization of instruments and controls. That is a very 
important factor in a multiple-purpose shop, where 
possibly the melters change at short notice from one 
furnace to another. 

The authors find that they get more slag-foaming 
troubles on the oil-fired than on the gas-fired furnaces. 
Our experience does not confirm this. If we consider 
the high values for the luminosity and radiation of the 
oil flame, as shown by the luminosity index, we would 
not expect to get a great deal of foaming under that 
flame. In that respect, I agree with the authors as to 
the necessity of trying to find some method of establishing 
the radiation properties of open-hearth flames. 

What is meant by the settings of the atomizers to 
which the authors refer? They talk about a }-in. 
setting ; is this indicated on the atomizer or is it assessed 
by the number of turns of a controlling wheel ? 

On the question of roof life, the authors say that the 
roof temperature control, where fitted, comes into 
operation rather more quickly with a lower roof. Does 





* Journal of The Iron and Steel Institute, 1949, vol. 
161, Apr., pp. 301-317. 
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that give them a slightly lower fuel consumption, as 
one might expect ? There will be general agreement 
that if a roof is burnt in the initial stages it does not 
last very long afterwards. I have always thought that 
was due to the fact that once a roof is burnt it is very 
difficult afterwards to see to what extent it is being 
burnt at any given time. 

I should like to have some information on the effect 
on the sulphur content in the steel of using what I 
presume is a relatively high-sulphur fuel oil. We 
have found that the sulphur tends to be higher with 
high-sulphur fuels ; have the authors found that also ? 


Dr. T. P. Colelough (British Iron and Steel Federation) : 
A couple of years ago steelmakers were invited to change 
over from producer-gas firing to oil firing, because at 
that time we had a very difficult task to maintain fuel 
supplies, and it is particularly gratifying that a number 
of firms, among which the Park Gate Company was 
one of the leaders, made a splendid response to our 
request. That Company and the engineers concerned 
are also to be particularly congratulated on the very 
short period occupied in making the change-over for 
a complete shop of nine or ten furnaces. Further, 
the Park Gate Company set a standard of attainment in 
oil consumption which was extremely useful as an example 
to those companies that were not quite so good. Par- 
ticular attention should be drawn to period 1 of the 
oil-using campaign, which shows the lowest fuel con- 
sumption per ton of ingots made. I can commend 
this oil-firing equipment for simplicity, ease of construct- 
ion, ease of operation and, I think, low cost of 
operation. 

I would direct attention to one feature which perhaps 
has a bearing on a remark made by Mr. Evans. The 
oil burner used is about 9 ft. long, and, according to the 
diagram, the nose is somewhere about the edge of the 
bath. One would have thought that that was not at 
all the best position in which to put that burner. 

The extremely simple set of rules which have been 
established for the control of the furnaces and the use 
of the oil fuel struck me as valuable. In talking to 
some of the men, I found that there had been no undue 
difficulty in training them, in a district which is character- 
istically conservative, in the new methods. 

I am disturbed to find that in their diagrams the 
authors have submitted to the present craze for drawing 
lines and trying to establish relationships between 
things which have no relationship whatever. For 
example, Fig. 16, which the authors have quite rightly 
said must be regarded with caution, has no meaning 
whatever. It is quite right to plot these results, but 
the oil consumption per ton of steel set against the per- 
centage of hot metal in the charge is utterly misleading. 
It is not the proportion of hot metal in the charge which 
is affecting the oil consumption; it is the difficult 
conditions in the shop, which are only reflected by the 
hot metal. In periods 2 and 3 plotted there, the per- 
centage of hot metal was the same, but there was a 
difference of 10% in the oil consumption, due entirely 
to the shop conditions. If the authors had shown the 
influence on the oil consumption of the time occupied 
in charging and melting, or of the number of scrap pans 
coming into the shop per hour, or of the number of 
furnaces being charged together under these conditions, 
we should have had something of value. 

The same comment applies, I think, to Fig. 17; 
we are told in the text that the big change was due to 
alterations in shop conditions and not to the oil firing, 
so that we are disappointed not to have a discrimination 
between the two factors. 

One of the most valuable parts of the paper is on 
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page 314, where the authors lay down the conditions 
to give the best results; there has recently been more 
misunderstanding about the use of oil fuel on furnaces 
than about any other single factor. It is absolutely 
impossible to get the right results from a high-power 
fuel unless you have all the conditions necessary to 
make proper use of that fuel. 

Tomorrow the charging of the furnaces is to be dis- 
cussed ; I believe that an examination of the data 
available at Park Gate, as evidenced by this paper, 
would show that the charging of the furnaces has a 
most profound influence on oil consumption. 

I should like to take this opportunity to make a plea 
for a change in the procedure which has hitherto been 
followed. It is not possible today for a technical man 
to do his work efficiently unless he has supreme regard 
to one factor which has been barred from our discussions, 
and that is the question of costs. This paper and the 
one to which I have referred, and which is to be discussed 
tomorrow, are concerned supremely with questions 0 
operating cost, and I would plead that there might be 
some relaxation of the ban on the introduction of cost 
figures into a paper of this sort. I would not press, 
of course, for the individual costs of any company to be 
given, but it is quite easy now to express costs in pounds 
per ton, man-hours per ton, electric power per ton, and so 
on. If authors could be encouraged to give the actual 
costs in units in that way, I think that the value of 
papers of this character would be greatly enhanced. 


The President (Sir Andrew McCance, F.R.S.) : There 
is no actual ban on the publication of cost figures in 
the Journal. It is very rarely done, but I do not think 
that anyone who wishes to give such figures in a paper 
submitted to the Institute would find that the paper 
was barred from publication on that account. It is 
largely, therefore, a question of encouraging an attitude 
rather than of removing a ban. 


Mr. R. A. Hacking (Messrs. Richard Thomas and 
Baldwins, Ltd.): In 1946, when the question of oil 
conversion first cropped up, and when heavy fuel oil 
was 5}d./gal., I thought to myself that Park Gate 
stood to gain as much as any works in the country 
by conversion from producer gas to oil. The nine 
furnaces were each stretched to the absolute limit of 
length and breadth and charging capacity, and, by 
modern standards, were very short of slag pocket 
and checker volume downstairs. The Park Gate Com- 
pany is to be congratulated on converting to oil, and, 
what is more important, on converting the shop as 
an entity. Another factor probably taken into account 
in coming to that decision was the continuous operating 
week ; Park Gate was faced with just about the worst 
burn-out conditions, when using producer gas, of any 
melting shop in the country—a long and tortuous common 
main, with some very awkward legs to get clear. 

The Company is also to be congratulated on giving 
the oil installation generous margins of capacity, and 
especially on installing a very complete and standardized 
system of instrumentation right down the shop. Some 
of us who converted to oil in the early days of the crusade 
had to wait a long time for instruments, and meanwhile 
we had to rely on visual methods; as Dr. Colclough 
remarked, a lot of oil was wasted in consequence. 
Another very wise decision that the Park Gate Company 
made is that on every shift there are two men charged 
with the task of seeing that the instruments are properly 
maintained and working, so that the confidence of the 
operating staff on the stage is not lost. 

Dr. Colclough has criticized Fig. 16, and I think 
quite justifiably. The downward trend of that curve 
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is much more an indication of the shortcomings of 
scrap service in a long shop with end-wise delivery of 
its scrap supplies than it is of the percentage of hot metal. 
I think, however, that the smaller loss of tonnage with 
increasing number of furnaces in operation with oil 
firing, as compared with the previously used producer 
gas, also underlines the efforts of the Park Gate Com- 
pany in regard to scrap service and the good results 
obtained from them. I had the privilege of being a 
Park Gate man for many years, and I know the diffi- 
culties. When an ingot output has to be maintained 
beyond 6000 tons/week with one of the blast-fur- 
naces off, I can appreciate the amount of organization 
necessary to feed the open-hearth furnaces with scrap, 
cold pig, ete. 

The authors certainly bring out the simplicity of the 
instructions given to the furnace crews, and they 
emphasize the simplification of those arrangements 
which resulted from laying down the rule of a constant 
air flow. While this is commendable, it does intro- 
duce the difficulty that at the period of the charge 
when I have always understood that the amount of 
excess air should be at a maximum—that is, during 
charging and cutting down to a flat bath—under the 
rules laid down at Park Gate it is in fact at a minimum. 
Have the authors experienced any trouble when making 
steels to conform with rigid sulphur specifications ? 
In the case of special cold-reduced flat-rolled products 
such as full-finish auto-body sheets, where sulphur 
limits of 0-030% maximum are frequently specified, 
and as low as 0-025°% are desired, we have found it 
necessary to ensure that the amount of combustion air 
in excess of theoretical requirements is greatest during 
the period when the materials in the bath are exposed 
and not covered by a slag blanket. 

In regard to the design of port used, I appreciate 
that water difficulties at Park Gate are rather serious, 
and that there was reluctance to go over to the generously 
proportioned single air uptake with the burner sticking 
across it and all the steel water-jacket exposed ; but 
the amount of brickwork at the port block seems rather 
more than is necessary. In addition, the design of the 
port block would seem to preclude ready access of 
combustion air to the under side of the atomized oil 
stream. For avoidance of sulphur pick-up, we have 
found that it is essential to have oxygen readily available 
at that point, on the under side of the flame. 

Figure 18 shows the decreasing oil consumption per 
ton of steel—I was going to say with increasing propor- 
tions of hot metal up to 35%, but in deference to Dr. 
Colclough I will say with decreasing proportions of scrap 
down to 65%, with a change in the slope of the curve 
thereafter. Several years ago Mr. G. A. V. Russell 
presented a paper to the Cleveland Institution of Eng- 
ineers which had for its main theme justification of 
Bessemer/open-hearth duplex practice. In the course 
of this paper, purely from the theoretical aspect, he 
estimated the total thermal requirements of different 
types of charge at intervals of 259%; namely 100% 
hot metal, 75%, 50%, 25%, and nil. He strove to 


establish that from the total thermal demand point of 


view, and using hot metal of normal British composition 
with something over 1% of phosphorus, 25% and 75% 
hot metal were the most economic points of those 
explored, and that there was a lift in the curve between 
those two points. I am speaking from memory and 
cannot guarantee that those figures are absolutely 
authentic, but it struck me that there may be a relation 
between that change in direction of the curves in Fig. 18, 
and the work which Mr. Russell did several years ago. 


Dr. J. H. Chesters (The United Steel Companies, 
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Ltd.), in a communication read in his absence, wrote : 
The excellent results obtained with the new furnaces 
are due in no small measure to the fact that before any 
furnaces were converted clear agreement was reached as 
to just what was to be controlled. The minimum 
number of instruments required were fitted and a 
logical system of supervision was introduced to ensure 
that such control did in fact exist. 

The principle which the authors enunciate, namely, 
that it is better to do something simple and to do it 
all the time, even if it is not quite right, rather than 
to jump from an excellent performance at one moment 
to a rather poor performance afterwards, is an extremely 
sound one, if only because such stability of operation 
is an essential preliminary to any stepwise change. Their 
further progress to automatic control will be viewed 
by the whole of the industry with great interest. Do 
the authors feel that automatic control will add any- 
thing to the results which they have obtained by closely 
supervised manual control ? 

The figures quoted on page 315, for the effect of roof 
temperature on output, are most encouraging to us, 
since they support the more theoretical ideas put forward 
in Special Report No. 37. Our own confidence in the 
extreme importance of roof temperature is increased 
by results obtained recently with an all-basic furnace, 
where a relatively small rise in roof temperature has 
been associated with a marked increase in output. 
The authors are doubtless aware that B.I.S.R.A. have 
research in hand on the production of a flame-power 
meter, but it may be some time before such an instrument 
becomes a practical proposition. The difficulty, of 
course, is that the instruments developed so far view 
only a limited portion of the flame, whereas what is 
wanted is an integrated value of all the radiation. 

I am glad that the authors have emphasized that 
the lack of adequate charging facilities is a serious 
‘bottleneck.’ There is no doubt that a good deal 
of experimental work, for example, on all-basic furnaces 
and on oxygen, will be held up unless something is 
done to improve charging facilities. 

Finally, I should like to ask for further information 
regarding a statement (page 317) that foaming of slags 
is @ more serious problem when using oil fuel. I have 
previously had the impression that oil flames were 
highly luminous and that luminosity was one of the 
main guarantees against undue foaming. 


Dr. G. W. C. Allan (British Coal Utilisation Research 
Association): I should like to describe some recent work 
done by us as part of a collaborative research which 
aims at improving the effectiveness of the producer 
from the furnaceman’s point of view, and thus of meeting 
the criticism implied that the producer may be a plant 
‘bottleneck.’ 

The test was carried out on a Morgan producer in 
which the blast system had been boosted so as to allow 
of a delivery pressure of 5-in. W.G. Further, after the 
first few runs, the coal distribution system was adjusted 
to give the best possible fuel bed and the B.S.T. was 
reduced to what was found to be a safe figure. In brief, 
the operation at 5in. W.G. pressure was found to be 
feasible, and a possible aid to furnace performance 
was thus indicated. The adjustments, which were of a 
simple nature, resulted in a great improvement in gas 
quality, viz., an increase in calorific value of 29 B.Th.U. 
cu. ft. In the last test run, conditions were such that 
our producer fed one furnace only, so that although 
no measurements were taken we had the chance of 
seeing the practical effect of the adjustments. These 
indicated a distinct improvement in furnace performance 
and a noticeable reduction in gas demand. 
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In regard to the authors’ remarks on the short- 
comings of producers at Park Gate, I would ask what 
fault they found in the coal supply. Was it a general 
degradation of the type and quality of the coal, or 
did it relate to the coal supply crises of two or three 
years ago ? 

I do not think that the authors have been quite fair 
to gas, in comparing roof lives under gas and under oil, 
because when they changed over to oil they also put in 
roof temperature recorders, which of course would 
be of great help in preserving roof life, whereas they 
did not have that device when the furnaces were gas 


fired. 


Dr. A. H. Leckie (British Iron and Steel Research 
Association): The authors emphasize the need for 
very complete analysis of instrument results, in addition 
to just having the instruments. That is a most import- 
ant point. Results must be analysed and full use must 
be made of them. 

I was glad to hear Dr. Allan make a plea for the gas 
producer. If time and effort equivalent to that spent on 
instruments for, and on controlling of, oil-fired furnaces 
had been given to gas-fired furnaces, gas would have 
shown up better than it has, relative to oil, so that those 
who are continuing with producers need not feel dis- 
couraged. 

With regard to furnace design, Dr. Marshall hinted 
that he would have liked to go on to the single uptake 
design. He need feel no fear about water-cooling with 
a long exposed oil burner, because in a properly designed 
single-uptake furnace the oil burner can be withdrawn 
so that it just sticks in through the end wall of the 
furnace and a very good control of the flame is still 
retained. The doghouse form of construction is out 
of date, so that the authors need not worry about 
making the alterations which I am sure they would 
like to make. 

In the melting rules, the authors say that: while the 
roof is below top temperature the melters have in- 
structions to put on maximum oil, but there is no 
control, as far as I can see, on combustibles in the 
outgoing gases, and I am wondering what means they 
adopt to ensure that if they put on maximum oil flow 
it all gets burnt efficiently in the furnace. 
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Many of us have wondered about the use of constant 
air throughout, but the authors have provided such a 
good explanation of why it is not worth while at present 
to bother about control of the air/gas ratio that they 
have almost converted me to the legitimacy of constant 
air flow. What a challenge it is to the furnace designers, 
builders, and operators, if we still cannot make the 
furnace tight enough for it to matter what amount of 
air is put in at the regulating valve. 

I recommend all operators to follow the authors’ 
example in the installation, and particularly in the use, 
of instruments. 


Mr. T. W. Hand (Messrs. Colvilles, Ltd.): A vital 
aspect of the paper is emphasized in Table I, where 
the authors show that for equal heat release the volume 
of resultant gases from oil is only about 75% of that 
from producer gas. With full appreciation of this 
simple fact it is not difficult to understand why conversion 
of relatively old-type melting furnaces to oil firing 
should show such marked increase in output, indicating, 
as the authors point out, that proportions of furnace 
flues and valves were inadequate under former conditions. 
It may be rather sweeping to state that, in Great Britain, 
the greatest benefits to be derived from the use of oil fuel 
will be found in the older plants; but the economics 
of the situation must be faced, and our own experience 
has been somewhat disappointing. On a strictly com- 
parable basis and with relative present-day costs of 
respective fuels, producer gas still has the advantage on 
a cost basis. 

At the time of the fuel crisis we were pressed to con- 
vert to oil firing, and naturally selected our least efficient 
cold-charged melting shop for the change-over. Con- 
ditions in the shop were poor, but in the process of 
conversion, we ploughed through most of the experiences 
described by the authors, and in some respects went 
a stage farther, notably as regards the burner, which 
the authors describe on page 305 as being supported 
at its inner end by a water-cooled pipe cradle. We 
started out in a similar way, but found that the water- 
cooled cradle was unnecessary, and this has now been 
entirely abandoned. Further, by progressively drawing 
back the burner, it was possible to reduce considerably 
the amount of brickwork in the block with a correspond- 


I mag a 
es 






























































SNS 


























oN 
wae 


Oe 











Fig. A—G furnace. Two up- 
takes of 16 -68 sq. ft., burner 
tip to bath at sill level3 ft. 


11} in. 5 in. 
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Fig. B—B furnace. Two up- 
takes of 21 sq. ft., burner 
tip to bath at sill level 7 ft. 


Fig. C—C furnace. Two up- 
takes at 21 sq. ft., burner 
tip to bath at sill level 8 ft. 
4 in. 
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ingly favourable effect on repair work, better distribution 
of heat over the furnace bath, and a favourable influence 
on the CO, content in the waste gases. 

These developments can be followed by reference 
to the diagrams: Fig. A shows the first furnace con- 
version with the usual doghouse and the burner point 
4 ft. from the bath at sill level ; Fig. B shows a secondary 
stage with the doghouse eliminated and the burner 
drawn back to about 7} ft. from the sill, and Fig. C 
illustrates the latest arrangement with the block entirely 
abandoned and the burner projecting through the gable 
end of the furnace. Further experience has shown 
this arrangement to be entirely satisfactory, and a 
very considerable economy in expensive brickwork has 
been realized. 

Our first furnace conversion had to be a quick job 
and was made in the usual simple manner by using both 
chambers for air, two air valves, and the burner as 
already described. Simultaneously the charging arrange- 
ment of the shop was improved. It was felt, however, 
that the desired results could not be realized from the 
use of an old valve system, defective flues, and other 
objections, so the next three furnaces were rebuilt 
with single air chambers, simple double-decked straight- 
through valves, and a waste-gas flue of tubular-plate 
form, internally insulated. The usual furnace chimneys 
were abandoned, and waste gases could escape only 
by passing through the boiler. 

With this system it was reasoned that whilst low 
oil consumption was important, furnace output was of 
still greater importance, and most of any excess heat 
generated at the furnace would be recovered in the 
form of steam at the boiler. Actually, on furnaces 
operating at a little more than 6 tons/hr., after making all 
deductions of steam used for oil heating, tracer lines, 
and atomization, we are getting about 900 Ib. of steam 
per ton of steel made. 

I have the impression that the Park Gate furnaces 
are not water-cooled, and in our own early conversions, 
overall oil consumption did not exceed the authors’ 
figure of 31-3 gal./ton. Subsequently, however, it was 
found advantageous to water-cool furnace doors, jambs, 
and lintels, and overall consumption for the shop for 
the first three months of the present year was about 
37-3 gal./ton, from which should be deducted a cal- 
culated equivalent of 4 gal./ton lost in water-cooling, 
and 1-2 gal./ton for ladle heating, leaving a net figure 
of roughly 32 gal./ton of steel produced. Even if only 
from a maintenance viewpoint, water-cooling is well 
justified, as we believe in pushing the furnace with 
ample heat and recovering all we can from the waste- 
heat boiler. Having reached a fairly satisfactory state 
of development, it is disturbing to come up against 
a threatened limitation of oil supplies, and in our 
latest conversions we have reverted to the double 
regenerator arrangement, without sacrificing any of 
the advantageous features already mentioned; thus 
re-conversion to gas-producer firing will be more easily 
carried out if necessary. 


Mr. A. I. Aitken (Messrs. Colvilles, Ltd.) : Such 
comparisons as I have drawn from this paper with our 
own practice at Dalzell have been most enlightening 
and encouraging. 

In furnace design, we are now gravitating to the 
single central uptake, or a suitable modification of this, 
with the burner or even twin burners through the 
straight-end box-like superstructure. We think that 
the high kinetic energy in the atomized and subsequently 
vaporized oil stream will suffice to induce the necessary 
regenerated air for both speedy and efficient combustion. 
This, we feel, is of the utmost importance, because of 
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the deleterious effect of sulphur pick-up from the oil, 
both on furnace productivity and on steel quality. 
Retracting the burner progressively from the hearth 
has ameliorated this position, and in our latest modifi- 
cation of the straight end (Fig. C), there is no burner 
arch or platform thereunder. This allows more or 
less free circulation of combustion air round the burner 
tip, and consequently we should experience less difficulty 
with sulphur pick-up. 

We have found, too, that with our earlier practice of 
doghouse design maximum flame development did not 
occur until the outgoing bank or last door of the furnace. 
Consequently, half the roof would be at the safe working 
limit, which now at Dalzell is 1650° C., while the in- 
coming half would average anything up to 100°C. 
lower. During the refining stages this naturally levelled 
out, but none the less there still existed the disparity 
between the incoming and outgoing roof temperatures. 

With the box design with a single central uptake, 
the high-velocity oil stream, and low-velocity combustion 
air freely supplied in and around the burner tip, we 
feel that sulphur pick-up will be greatly minimized and 


that heat-transfer rates will be enhanced because of 


the higher and more even roof temperature, especially 
during the charging and melting periods. 

Roof pyrometry at Dalzell at its inception gave us 
some considerable trouble. We used originally three 
total-radiation pyrometers sighted on both ends and 
on the centre-line of the furnace, and any deficiencies 
in the ancillary water or purging-air supplies to the in- 
struments allowed the ambient temperature to rise 
and so cause recrystallization of the Heil’s alloy thermo- 
pile with subsequent erroneous e.m.f.’s. We used 
the works’ compressed-air supply, and the water and 
oil condensation inside the instruments necessitated 
almost hourly cleaning and recalibration. 

We have now replaced these total-radiation pyro- 
meters by photo-cell units of our own manufacture. The 
purging-air supply is introduced through a ‘ doughnut ’ 
outside the instrument altogether, and we have experi- 
enced no trouble with water or oil in the air supply, 
although they may still be there. Should the ambient 
temperature of the cell rise because of failure of the 
water supply, no lasting ill effects are experienced, 
because when the normal ambient temperature is re- 
imposed the cell output returns to the calibrated value. 
As a result of this, our melting-shop instrument main- 
tenance staff now comprises only two electrician- 
engineers on day shift, and the seemingly major work 
carried out is the changing of recorder charts. Some 
of the instruments have gone as long as 3 or 4 days 
without any minor adjustments having to be made 
or the lens having to be cleaned, although the readings 
are checked with a Cambridge disappearing-filament 
pyrometer as often as is practicable. 

The authors’ figures on oil consumptions—30°5 
gal./ton for normal working and 0-8 gal./ton for heating 
up—are most interesting. Our overall consumption 
at present is about 37-3 gal./ton. Allowing about 
4 gal./ton for water-cooling, 1-2 gal./ton for ladle heating, 
and 1 gal./ton for heating up, would the authors agree 
that, had we been using 35% of hot metal, our oil 
consumption might have dropped by another 7 gal./ton, 
or is that stretching the point too far ? 

Recent heat balances which we have carried out 
on two different modifications of oil-fired furnace may 
be interesting in the light of water-cooling. The 
first modification was a single-regenerator-chambered, 
straight back-wall furnace and, in effect, water-cooled 
only in the jambs (there was, of course, the nominal 
water-cooling of burners and Blaw-Knox valves in 
both types), and the second was a double-regenerator- 
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chambered, sloping back-wall furnace, with one of the 
chambers blanked-off at the valve for regenerative 
efficiency purposes, and fully water-cooled in doors, 
jambs, and lintels. 

The heat balance with the second modification 
showed that about 15% of the primary heat input to the 
furnace went to water-cooling, but in the first, with 
merely the jambs water-cooled, it dropped to 8%. 

We gained something, however, with this extra 
water-cooling ; the total radiation losses through brick- 
work and openings were reduced to the extent of about 
6%, which more or less balances the 15% loss with 
full water-cooling. Added to this is the greatly enhanced 
front-lining life with the subsequent appreciation in 
productivity time for the furnace. However, it is only 
refractory costs and furnace productivity which can 
evaluate the merits or demerits of water-cooling. 

With reference to the McCance hearth-area/capacity 
curve, the charge weight in the Park Gate furnace was 
reduced from 73 to 65 tons and yet the same total ton- 
nage was produced in a week with a concomitantly lower 
fuel consumption. Did the furnace uphold its early 
promise in subsequent working ? If so, this is a point 
of paramount importance to all melting-shop managers 
and furnace designers. 


CORRESPONDENCE 


Mr. L. Cook (Companhia Sidertirgica Nacional,Volta 
Redonda, Brazil) wrote: In reading through accounts 
of British oil-firing practice, one is rather surprised to 
notice that gear pumps do not appear to be favoured 
for supplying the fuel to the furnaces. Electrically 
driven, this type of pump occupies little space and 
gives a practically pulseless discharge. 

The furnace pressures mentioned in the paper and 
shown in Figs. 14 and 15, are low compared with the 
pressures employed in American practice, and consider- 
able quantities of unmeasured air will be infiltrated, 
as indicated in Fig. 13. Some plants prefer an auto- 
matically controlled pressure, as high as 0-09 in. W.G., 
during the charging and cooler period and 0-07-—0-08 in. 
during the later stages of the heat. One can suppose that 
the lower pressures are employed at the Park Gate 
Works out of consideration for the refractories, especially 
the front linings. High furnace pressures impose severe 
conditions on the front linings, and many American 
plants construct this portion of the furnace with metal- 
sheathed unfired chrome-magnesite bricks taken up 
to the skewback, in conjunction with water-cooled 
doors, frames, and lintels, to overcome this difficulty. 

The authors describe a practice employing a low pro- 
portion of hot iron in the charge. Under such cir- 
cumstances, constant air flow will cause few difficulties, 
but, if a high (70%) proportion with charge ore is used, 
in connection with flush slag practice, automatically 
controlled high pressures, and constant air flow at the 
level of the general air requirements of the heat, the 
conditions are somewhat different ; the oxygen require- 
ments of the large volumes of CO evolved from the 
bath during the period immediately following the intro- 
duction of the hot metal will require a reduction of 
fuel input if the presence of high contents of CO in the 
waste gas is to be avoided. 


AUTHORN’ REPLY 
Dr. D. F. Marshall and Mr. H. C. White wrote in 


reply : A typical analysis of pig iron to the mixer was 
as follows : 
Si 0-80-1-50%. S 0-04-0-07%, P 1-00-1-40%, 
Mn 1-00-1-50%, 
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and of hot metal from the mixer : 
Si 0-45%, S 0-035%, P 1-:1%, Mn 0°:95% 
The furnace hearth areas (length x breadth x 0°85), 
together with the weight charged, at the time of writing, 
were as follows : 


Hearth Area, Charged Wt., 
Furnace sq.ft. tons 
A 252 72 
C 252 72 
E 292 72 
F 249 72 
G 266 68 
H 303 75 
K 277 72 
M 310 82 
5 433 100 


All charges which lifted or foamed on the addition of 


hot metal, and all charges which reacted violently on 
the addition of feed during refining, have been included 
in the paper, under the term ‘‘ Foaming Slags.”’ 

These troubles depended to a large extent on correct 
judgment of bath conditions. To this end, immersion 
pyrometry has been applied on a large scale. An average 
of three immersions was taken on every case produced 
in the shop, and one result of this is that the charges 
which foamed or lifted during feeding are being reduced 
in number. Slags which foamed for other reasons have 
been examined and all that can be said is that they 
seem to occur when lean slags, somewhat higher than 
normal in Al,O, content, are formed. It is possible that 
feed is sometimes trapped in local pockets during 
charging and thus makes a very belated entry into the 
slag. Under these conditions, a lean slag may be formed 
with consequent foaming. The second factor which is 
considered to favour the production of foaming slags, is 
the condition of the steam. Very little superheat was 
available and high steam/oil ratios were used. It is 
thought that the installation of an independent super- 
heater would not only reduce the incidence of foaming 
slags, but would also reduce the amount of steam 
required. 

The }-in. setting of the atomizer, referred to in the 
paper, is really the thickness of the annular oil film 
injected across the atomizing steam face. Measurement 
of this is obtained by first closing the atomizer by means 
of the adjusting screw and then withdrawing it } in. 

The furnace roofs at Park Gate are low by modern 
standards, and, within the range of heights used— 
5 ft. 6 in. to 7 ft. 3 in.—there was no definite correlation 
between roof height and fuel consumption. This is not 
significant since the furnaces vary greatly in other 
important constructional dimensions. 

As regards sulphur removal, the performance, using 
fuel oil, has been equal to that obtained when using 
producer gas, but there is no doubt that oil with a lower 
sulphur content would give increased outputs and better 
fuel consumption by reducing the metallurgical burden 
in the form of limestone, as well as the time now required 
for sulphur removal with the fuels of higher sulphur 
content. The authors agree with several contributors 
that rapid mixing of oil and air by shortening the 
burners, and the use of a central uptake, are of assistance 
both in the removal of sulphur from the steel and in 
preventing high-sulphur pick-up. 

Several contributors thought that the burner was too 
long and projected too far into the bath. They have 
suggested also that there is too much brickwork in the 
doghouse construction. Dr. Colclough, in particular, 
mentioned that the nose of the burner is, in effect, on 
the edge of the bath. That remark is not quite 
correct, as the burner tip has, in all cases, been retracted 
at least two feet as compared with the original face of 
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the gas port. It is, of course, impossible to build a dog- 
house which gives air immediate access to the oil stream, 
as consideration must be given to the life of the brick- 
work on the face of the doghouse. It is agreed that the 
central uptake is a better arrangement, but it should 
be remembered that this type of construction is of quite 
recent date and that the Park Gate furnaces were con- 
verted more than two years ago. Further, the speed of 
conversion made it essential that the least possible 
change should be made to the permanent furnace con- 
struction. Very extensive alterations would have to be 
made to these furnaces in order to incorporate the central 
uptake, but consideration is being given to a modification 
of this type. It has always been realized that with a 
long burner, having the atomizer at its outer end, there 
is the possibility of good atomizing being offset because 
the atomized mixture has to travel a long distance in a 
small closed tube. 

Replying to Mr. Hacking’s and Dr. Colclough’s 
criticism of Fig. 16, the authors agree that it might be 
more accurate to plot percentage scrap instead of 
percentage hot metal. In any case, the shape of the curve 
would have been similar, and the real importance of the 
curve was that it drew attention to the fundamental 
factors influencing its shape. These have been dealt 
with at some length in the text. In particular, on p. 313, 
reference is made to attempts to correlate charging and 
melting times with the use of light or heavy scrap as 
indicated by the number of pans per charge. Using 
light scrap, a very wide spread of times was recorded 
when only a few units were on charge together, and the 
longer times occurred when say, 5, 6, or 7 units were 
charging together. When charging conditions were ideal, 
light scrap gave slightly better results than heavy scrap. 
The disadvantage of light scrap appears to be in its 
influence on scrap-handling equipment, rather than any 
effect it might have after it has been charged. 

During the period covered by this paper, only minor 
changes in charging conditions were effected throughout 
the shop, and it should be noted from the text that the 
additional charging machine was in operation during 
only the last two weeks of the period. 
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Fig. D—Arrangement of automatic control of open- 
hearth furnace 
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The proportion of hot metal used during the period 
discussed did not exceed 40%, and reached that value 
on only a few casts. It is not possible, therefore, to 
give a complete answer to Mr. Hacking’s point regarding 
optimum hot-metal content. Figure 18 does suggest, 
however, that there is a point beyond which the added 
metallurgical burden and increasing slag bulk begins to 
outweigh the thermal advantages resulting from increas- 
ing the hot-metal content of the charge. 

In reply to Dr. Chesters, automatic control is to be 
fitted to one furnace. The arrangement of these controls, 
shown schematically in Fig. D, is considered to be suit- 
able for application to the furnace technique outlined 
in the report. It is thought that a slightly lower oil and 
steam consumption may be obtained with this in opera- 
tion, as closer control of both will be obtained, par- 
ticularly during the critical period, 7.e., during charging. 
The system illustrated could possibly be improved by 
the addition of automatic damper control and furnace 
reversing gear. Worked in conjunction with constant 
air flow it should, in any case, give a near approach to a 
fully automatic furnace. 

As Dr. Leckie and Dr. Allen suggest, the performance 
of producer-gas fired furnaces would be improved by the 
application of instrumentation. This problem has per- 
haps been neglected in the past, on account of the 
difficulties involved in gas flow measurement and the 
problem of flame interference inside the furnace when 
ports are worn back upsetting roof temperature measure- 
ment. In an oil-fired furnace the flow of fuel oil is 
much easier to measure and the direction of the flame 
does not vary throughout the campaign. Both these 
factors are important in determining the control of a 
furnace and in deciding the roof life on the respective 
fuels. The problem of reducing air infiltration is also 
of great importance in deciding how a furnace shall 
operate and in determining its fuel consumption, and 
it is clear from the work done at Park Gate and at other 
plants that a great deal more remains to be done in this 
direction. The only safeguard at the moment appears 
to be to work at the highest practicable furnace pressure. 

Mr. Hacking, Dr. Leckie, and Mr. Cook asked questions 
on furnace procedure which are best answered by giving 
very briefly the method adopted for forecasting furnace 
firing rates. Firstly, with the dampers wide open, the 
air flow to the furnace was progressively increased and 
its relation to the furnace pressure was determined. The 
most suitable furnace working pressure having been 
determined by previous experience, the air flow at that 
pressure was measured. From this air flow the maximum 
fuel oil input rate was calculated, assuming 25% excess 
air. In this calculation allowance had also to be made 
for air infiltration, and this was generally of the order 
of 15-20%. These calculated oil flows were applied, and 
were later checked by waste-gas analysis at the outlet 
port. Very few variations from the calculated values 
were necessary and these chiefly occurred on the short 
furnaces. As indicated in the paper, this method offered 
a rapid means of determining the approximate fuel- 
burning capacity of each unit. The next step was to 
determine the effect of maintaining a constant air 
supply. The results were given in Figs. 14 and 15 and 
were described in the paper. The conclusion reached 
was that, in hot-metal practice—even where the pro- 
portions of hot metal were not high—the constant air 
flow method was, in most respects, an advantage. 

The figure of 4 gal. of oil per ton of steel, quoted by 
Mr. Hand as representing heat losses in cooling water, 
appears to be high, and the authors wonder if the correct 
allowance, which is the difference between water-cooling 
losses and the normal heat losses from non-water-cooled 
furnaces, has been made. The water-cooling of the Park 
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Gate furnaces does not seem to have had such a big 
effect ; for example, in Fig. 18, 7’, H, G, and E furnaces 
have water-cooled doors, jambs, and lintels, whilst the 
others are not water-cooled. 

Mr. Hand’s comments on his experiences in varying 
the position of burners relative to uptakes and furnace 
end walls are extremely interesting and helpful. They 
are in agreement with later work on the use of 
central uptakes. The improvement in refractory per- 
formance noted and the possibility of reducing sulphur 
pick-up by working along these lines represent two very 
important developments in oil-firing technique. 

Mr. Aitken’s comments on improvements in the 
measurement of roof temperature will readily be appre- 
ciated by all who have been concerned in the routine 
determinations of this difficult measurement. 

The performance of strange plants cannot be forecasted 
accurately, but in the authors’ limited experience of all- 
cold charges at Park Gate, where charging conditions 
are difficult, the average oil consumptions ranged from 
32 gal./ton at C furnace to 39 gal./tons at 7 furnace. 
When charging facilities improve, the difference in oil 
consumption between all-cold and 35% hot-metal 
charges will decrease. 

The other important factor is the analysis of the hot 
metal used. If this is of a type which rapidly increases 
the slag bulk carried, then it will reduce the difference 
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in oil used between cold and hot-metal charges. Bearing 
these points in mind, the authors consider that by using 
35% hot metal, Mr. Aitken should reduce his overall 
oil consumption from 37-3 to 30 gal./ton. The reduction 
in capacity of G furnace, mentioned in the paper, was 
retained with the same general result. 

In reply to Mr. Cook, the apparent low roof pressures 
employed at Park Gate are due to two reasons. In the 
first place, for purposes of comparison, he should add 
an average transmission loss of 0-045 in. to Figs. 14, 
15, and 19, which brings the values to about 0-06 in. 
W.G. actual furnace pressure. Secondly, the fact that 
the roof heights are somewhat lower than average 
steelplant practice, coupled with narrower hearths, 
made furnace pressures of 0:08-0:09 in. W.G. imprac- 
ticable. 

The choice of pumps used in British steelworks was 
dictated very largely by the required high speed of 
conversion, coupled with the availability of the pumps 
actually used. Given ample time, it is thought that 
many firms would have used electrically driven rotary 
pumps. 

Metalkase magnesite tubes are used in all straight 
back-wall linings at the Park Gate Works. 

Finally, the authors would like to thank the con- 
tributors to the discussion for many valuable comments 
and suggestions. 





Joint Discussion on the Papers— 


LARGE CRYSTAL GRAIN SIZE IN SILICON-CHROMIUM VALVE STEEL* 
by C. C. Hodgson and H. G. Baron 


and 


GRAIN GROWTH IN SILICON-CHROMIUM VALVE STEELt+ 


by H: Allsop and P. W. Bygate 


Mr. C. C. Hodgson (Leyland Motors, Ltd.) presented 
the first paper. 

Mr. H. Allsop and Mr. P. W. Bygate (Brown Bayley’s 
Steel Works, Ltd,), in presenting the second paper, called 
attention to the following errors in the paper as printed 
in the April, 1949, issue of the Journal. 

Fig. 30 (a) (Plate 7, between pp. 320 and 321): The 
air-cooled temperatures should be as follows, reading 
from left to right, and from top to bottom : 900°, 1000°, 
850°, 750°, 1050°, and 950° C. 

Fig. 32 (Plate 8, between pp. 320 and 321): The 
left-hand photograph should illustrate high, and the 
right-hand low, initial temperature. 

Fig. 34 (Plate 9, between pp. 320 and 321) : 
hand marginal notes should read : 

(1) ‘‘ As water-quenched x 500 

(2) Air-cooled-reheated 940—950° C. 

(3) Initial temperature, 1040—1050° C. 

and deformed at 750° C.” 

Left-hand marginal notes should read as above, but 

with initial temperature of 1110—1120° C. 


Mr. R. J. Brown (Morris Motors, Ltd.): The main 
conclusion of Hodgson and Baron is that the coarse 
crystalline condition in a valve forging results from the 
critical strain imposed when the steel is at a temperature 
below that of « to y transformation, and that the 
remedy is to harden the steel at a temperature in excess 
of 1000° C., when full hardness is achieved. Their 
comment, that ferrite is likely to remain undissolved 


Right- 


x 3 
Quenched to, 
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unless the steel is hardened from a temperature ex- 
ceeding 1000°C., is difficult to accept; the correct 
interpretation of this conclusion would appear to be 
that at a hardening temperature slightly above 950° C. 
carbon migration is slow even though the matrix is 
austenitic, so that on quenching, areas or crystals of 
carbon-free ferrite may be co-existent with areas of 
martensite. 

The gist of Allsop and Bygate’s paper is that the 
occurrence of grain growth is associated with the former 
thermal history of the steel, and that prior hardening 
and tempering causes the most severe grain growth, 
whether the steel at the time of straining is austenitic, 
or is partly or wholly transformed. 

Some thirteen or fourteen years ago, the engines 
branch of the firm with which I am associated received 
a consignment of finished valves which had _ been 
electrically upset and hardened in oil from a temperature 
of 1050° C., and were found to be coarsely crystalline in 
the stem (Fig. A). A few months later we, ourselves, 
received a consignment of steel which after electrically 
upsetting and oil hardening from 1050° C. developed an 
exactly similar condition ; the grain growth had occurred 
along the entire length of the stems, whereas the forged 





* Journal of The Iron and Steel Institute, 1949, vol. 161, 
Feb., pp. 81-85. 

+ Journal of The Iron and Steel Institute, 1949, vol. 161, 
Apr., pp. 318-325. 
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heads were in a perfectly satisfactory condition. This 
undesirable effect was eliminated by reducing the 
hardening temperature to 950-975° C., although this 
is contrary to all the facts contained in the papers under 
discussion, and contrary to our own recent experience 
with a small consignment of steel that the coarsely 
crystalline condition in the stems could be eliminated 
by raising the temperature to 1050° C. 

The crystalline condition which we have observed 
has not generally been associated in any way with the 
forging operation, but has been associated with the 
imposition of critical strain during the manufacture of 
the rod: the authors’ papers have enabled us to give 
further consideration to this undesirable condition. 

The steel used in the investigations had the following 
analysis: C 0-49%, Si 3-02%, Cr 8-31%. 

The « to y transformation was complete at 930° C., 
which agrees with the figure given by Allsop and Bygate 
(Fig. 40), but this temperature does not give maximum 
hardness, which occurs at temperatures exceeding 
1000° C. At the Ac, point the « to y phase change is 
complete, so that ferrite can no longer exist. The fact 
that maximum hardness is achieved only when this 
temperature is exceeded by a large margin must, there- 
fore, be associated with the carbon concentration and 
distribution in the austenite lattice at the hardening 
temperature, and this is not affected by the presence or 
absence of critical strain. 

Having regard to the successful treatment of several 
millions of valves at temperatures between 950° and 
980° C. without the incidence of grain growth, it appears 
probable that grain refinement of critically strained 
material can take place only when optimum solubility 
of carbon is achieved at a temperature some 50° to 
75° C. in excess of the « to y transformation, as stated 
by Allsop and Bygate. The necessity for such a high 
temperature is undoubtedly related to the sluggishness 
of carbide solution in Si-Cr steel, and it is possible that 
the coarse grain size developed on reheating critically 
strained material delays the speed of solution at a low 
hardening temperature. A magnetic check has been 
made of critically strained and coarsened steel and of 
normally fine-grained steel, which establishes the relative 
sluggishness of the former (Fig. B). 





Fig. A—Coarsely crystalline valve stem, electrically 
upset and oil hardened 
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Fig. B—Magnetic change during cooling Silchrome 
valve steel En 52 for 360 sec.: (a) critically strained ; 
(b) normal fine-grained 


Si-Cr steel used for the manufacture of automobile 
valves is normally supplied in the form of rods or bars 
of diameter less than } in., which, under normal manu- 
facturing conditions, may cool at widely varying speeds 
in the final hot-rolling pass: the normal finishing 
temperature is said to be in the region of 900° C. but it 
is unlikely that this is closely controlled, so that finishing 
temperatures over the Ac; will obviously cause harden- 
ing or austenite undercooling, with consequent grain 
growth as the result of critical strain imposed in the 
straightening operation, which is said to be normally 
conducted in the region of 500°C. Such a condition is 
referred to by, Hodgson and Baron (Fig. 23). From the 
evidence provided by Allsop and Bygate, a finishing 
temperature below 975°C. or above 1075° C. should 
eliminate the susceptibility of the material to develop 
crystallinity as the result of subsequent critical strain, 
and, according to Fig. 15, the most critical finishing 
temperature is probably 1020-1040° C., followed by 
rapid cooling and subsequent straining when hot. 

Crystalline zones have been observed in electrically 
upset valves forged in a friction press, but not in those 
forged in a crank-type machine. This is evidently due to 
the slightly slower forging speed in the friction press, 
which permits greater possibilities of skin quenching ; 
this operation is not normally followed by either cold or 
hot work which could induce critical strain, but such 
strains might be induced in the latter part of the forging 
cycle. 

Mr. G. T. Harris (William Jessop and Sons, Ltd.) : 
The authors of both papers state that the D.T.D. 13B 
type of steel is unusually susceptible to grain growth. 
Does that mean unusual for a valve steel, and is the 
same phenomenon encountered with other Silchrome 
materials such as D.T.D. 311 and particularly with the 
newer materials Silchrome XB and XCR? Austenitic 
valve steels can show pronounced grain growth due to 
this effect. For instance, an austenitic steel somewhat 
similar to the D.T.D. 49B valve steel, strained in the 
range 700—800° C. and then given a solution treatment 
at a higher temperature, can show grains of 3-in. dia., 
which is much coarser than the examples shown in 
DY.D. 135. 

To what extent do the authors consider the grain 
growth is due to strain? D.T.D. 13B, although a valve 
steel, in creep is one of the weakest steels known, and 
hence residual strains would be almost completely 
removed before the « to y transformation took place, 
unless the rate of heating were rapid. 

Mr. Allsop and Mr. Bygate remark that transformation 
is facilitated by strain, and I would say that there is 
evidence not only for this but that, in some cases, not 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








304 DISCUSSION ON SILICON—CHROMIUM VALVE STEEL 





Fig. C—Typical crystalline valve, ground and etched 
longitudinally 


only the rate but the product of transformation is 
dependent on the existence of strain during the process. 


Mr. F. D. Bridge (Guest Keen and Nettlefolds, Ltd.) : 
In general, my comments are of a corroborative nature, 
though in some respects, such as the formation of coarse- 
grained material in as-rolled bar, our findings differed 
from those of the authors. 

We started our investigation as a result of occasional 
fractures during straightening of the valves after heat- 
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Fig. D—Hardness/temperature relationship of water- 
quenched taper-heated as-rolled bars, (1) temper 
sensitive ; (2) non-sensitive. Brought to 1050° C. 
(hot end) and about 500°C. (cool end), No. 1 for 
4 hr., No. 2 for 24 hr. 
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treatment. It was found in every case that the fracture 
had a coarse crystalline appearance ; Fig. C shows a 
typical crystalline valve, ground and etched longi- 
tudinally. It will be noticed that, contrary to the 
findings of the authors of the two papers, crystallinity 
is confined to the stem, both head and neck in this 
specimen having a normal fibrous structure, as in all 
specimens examined by us. A macro-etch on the 
surface of the stem showed that major grain growth 
had occurred principally in diagonally opposite quad- 
rants, and this fact first suggested to us that the phen- 
omenon was in some way connected with strain. 

Data on the effect of tempering on the critical points 
of the steel were obtained by the following technique : 
Bars in the as-rolled condition were ground flat on one 
side, and along the opposite side transverse notches were 
cut every 4 in. (Fig. D). They were placed in a taper- 
heat furnace and raised to 500—600° C. (cool end) and to 
1050-1100° C. (hot end) ; after soaking, and reading the 
temperature at each notch with a Pt-Rh thermocouple, 
the bars were quenched in oil. The ground face was 
then cleaned up, and Brinell readings were taken opposite 
each notch. Finally, the bars were fractured at the 
notches and the fractures were examined. Figure E 
shows the temperature-gradient curve and range of 
crystalline fracture for two bars from a steel having a 
composition of 0-47% C, 3-75% Si, and 7-8% Cr. The 
temperature range of 815-975° C. is, of course, valid 
only for this quality of steel. 

In Fig. D, which shows the hardness/temperature 
relationship, curve 1 relates to a temper-sensitive bar, 
and curve 2 to a typical non-sensitive material of the 
same composition. The following points should be 
noted : 

Firstly, that complete solution of the ferrite is not 
obtained until the temperature reaches 1000° C., although 
crystallinity has more or less vanished at a slightly 
lower temperature. 

Secondly, that bar 1 is some 40 to 50 points higher in 
hardness than bar 2, and at room temperature the 
difference was even greater. As the material used was 
from the same cast in each case, the greater hardness 
must be due to the strain left in the material on cooling 
from the as-rolled condition. The hardness normally 
obtained at room temperature for hot-worked air-cooled 
bar is about 300 Brinell. 

Thirdly, the lowest hardness reached on tempering 
both bars is almost identical, which tends to confirm 
that the difference in hardness of the bars at lower 
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Fig. E—Temperature-gradient curves showing range 
of crystalline fracture along bars before water- 
quenching. No.2 was longer than No. 1, so a section 
(not shown) was under 600° C. 
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temperatures is due only to a difference in their state 
of strain. 

Fourthly, the graphs indicate that in neither case did 
martensite breakdown commence below 775° C., and 
that with this composition the specification hardness 
could only be met by tempering beyond the range 
stated, viz. 650-850°C. In this connection, it is 
interesting to note that in Allsop and Bygate’s hardness, 
temperature curves (Fig. 41) it appears that the hardness 
for the higher-silicon specimens never drops to 293, 
and that in the case of the low-silicon alloys it does so 
only at temperatures below 850° C. Hodgson and Baron 
also show a curve (Fig. 1) with a minimum at about 285. 
As our normal procedure is to quench from the tempering 
temperature, I would ask the authors if, in fact, they 
had difficulty in obtaining the specification hardness on 
tempering En 52 with fairly high silicon contents. 

Lastly, in valves which are highly susceptible to 
crystal growth the graphs show that reheating above 
the upper critical point removes all traces of crystallinity, 
and re-tempered samples show that crystallinity once 
removed does not reappear. 

The amount of information that can be derived from 
the taper-heat type of experiment is, therefore, fairly 
extensive, and supplementary tests carried out on cold- 
worked specimens yielded little information that had 
not at least been anticipated from the curves. 

In the interpretation of the structure of a crystalline 
valve, shown in Fig. C, the valve went through the 
normal procedure and arrived at the electrical-upsetting 
stage in a critically strained condition, as a result of 
either cold rolling (as defined by both authors, rolling 
at about 950° C.), reeling, or grinding after air cooling 
from the rolling temperature. Incidentally, any of these 
conditions could produce the effect of the large grain 
size in opposite quadrants in the specimen ; perhaps the 
straightening operation after rolling is the most likely 
one. The head was then upset at an adequate tempera- 
ture, and work was completed well above the critical 
range; the head was therefore fully refined, though 
further cold work may have been done in the stem, 
where the temperature gradient is bound to result in a 
section of the stem being heated to the critical tempera- 
ture. The standard heat-treatment was then given, and 
in normal cases the quench from 1040 to 1080° C. safe- 
guards even highly susceptible valves from coarsening on 
tempering. But overloading of the hardening furnace 
with consequent underheating of some of the valves 
occurred, and the net result was that critically strained 
valves were being heated twice into the critical temp- 
erature zone, with consequent disastrous effects. 


CORRESPONDENCE 

Mr. H. Bull (Brown Bayley’s Steel Works, Ltd.) 
wrote: Early in 1945, Mr. Hodgson communicated 
to the Chairman of the Technical Advisory Committee 
to the Ministry of Supply (the war-time committee 
responsible for the production of B.S. 970) some of the 
phenomena described, and said that the heat-treatment 
schedule for En 52 should be altered, because in the 
then current edition of B.S. 970, the hardening tem- 
perature was given as 950° to 1050°C. Subsequent 
editions, namely, the proof published early in 1946, 
and the current edition published in 1947, state 
‘‘ hardened in oil or air from a temperature of 1000° to 
1050° C.”” The present work shows why Mr. Hodgson 
took that step. 

It is common knowledge that to produce the maximum 
hardness of high-chromium steels, temperatures much 
above the change point must be used, but it is possibly 
new to learn that no marked recrystallization occurs 
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when the change point is passed. It would be interest- 
ing to have the authors’ views why this should be. Is 
it that in high-chromium steels the carbides when coming 
out of solution go at first to the grain boundaries, or that 
in the case of reheated critically strained steels they are 
thrown there, and tend to fix the grain size until they are 
redissolved at the high hardening temperature ? 


Mr. W. E. Ballard (Metallisation, Ltd.) wrote: Some 
years ago I had some experience with valves made of 
Silchrome. Troubles took on very serious aspects when, 
during the war, changes occurred in the doping of the 
petrol. Silchrome valves became very liable to breakage, 
and engine failure became a very serious matter. It was 
suggested that the aluminizing process might prevent 
the deterioration of valves used with the leaded fuel, 
and experiment proved that this was so. The process 
was carried out by grit blasting the material to be 
treated, spraying it with 0-006 in. to 0-008 in. of alu- 
minium or of an aluminium alloy, and then heat-treating 
the sprayed part in a furnace, so that the aluminium 
became absorbed into the steel and a layer of aluminium- 
rich alloy was formed. In the case of mild steel, a short 
heat-treatment at about 850° C. was sufficient to bring 
about a desired penetration of the aluminium to a depth 
of 0-006 in., but with Silchrome it was necessary to use 
temperatures as high as 1000° C. and soaking times of 
up to 2 hr. Naturally, such treatment brought about 
crystal growth in the valves, and subsequent tempering 
was necessary in order to restore an approximately 
normal structure. 

A considerable amount of experimental work entirely 
confirmed the authors’ conclusions that the specifica- 
tions are not very discriminating. The carbon content 
had a very profound effect on the breakdown of the 
martensitic structure on tempering, and if the carbon 
content was on the upper limit of the specification there 
was @ considerable tendency for the carbide particles to 
separate in large masses, bringing about brittleness in 
the tempered material. This effect was also observed 
when the silicon content was towards the upper limit 
of the specification ; and it was felt that it would be much 
safer to reduce the carbon content to 0:45% maximum, 
and the silicon to approximately 3-:5%, but in war- 
time this was impossible. 

Hodgson and Baron mention their difficulty in finding 
a suitable etching agent, and this difficulty was experi- 
enced by us until a 10% solution of ammonium per- 
sulphate in 10% hydrochloric acid was used, which 
seemed to be very successful. 

Experiment showed that the aluminizing process could 
be used on motor valves made of Silchrome, provided 
that the hardening was carried out in the usual manner, 
followed by aluminizing at 1000°C. for 2 hr. This 
treatment gave coarse structures, which could usually 
be refined to give a normal appearance by a treatment 
at 840° C. for 30 min., with subsequent water quenching. 
Some very good aluminized valves were made in this 
way, but heat-treatment for such long periods brought 
about some distortion, and the valves had then to be 
straightened. Physical tests and micro-examination 
indicated that the valves were in a suitable condition 
for service, and engine tests were undertaken. The 
results were very disappointing ; rather more than half 
the valves behaved very well but the remainder became 
so brittle that the heads snapped off in the engine. 
A large proportion of the failures occurred where the 
carbon and silicon contents were high, and from the 
work of the authors it would appear probable that some 
of these failures may have been due to the cold work 
during straightening, causing coarse recrystallization 
when they were put into service. 
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AUTHORS’ REPLY 


Mr. C. C. Hodgson and Mr. H. G. Baron, and Mr. H. 
Allsop and Mr. P. W. Bygate wrote the following joint 
reply : Mr. Brown appears to have difficulty in recon- 
ciling the anomalies in the data on the completion of the 
a — y change on heating furnished by the different methods 
used for its determination. Possibly, a more precise 
determination of this temperature might be obtained by 
means of the other methods referred to in the papers or 
discussion, than from the microscopical examination of 
small, quenched specimens. But certainly ferrite does 
exist in the microstructure after quenching, as shown 
in Figs. 7, 8, 9, 13, and 14 (Hodgson and Baron), although 
this does not necessarily confirm the existence of « iron 
at the quenching temperature. The authors of the papers 
are not fully satisfied on this point, and would prefer to 
refrain from further comment until additional evidence 
is forthcoming, especially as the matter is irrelevant to 
the main issue under discussion. 

Although this is not mentioned in the paper, the 
authors had considered the effect of soaking time. 
If, on increasing the soaking time, there was an appreci- 
able increase in the amount of carbide dissolved, this 
would be expected to be reflected in the hardness after 
quenching ; as the following results show, a considerable 
increase in soaking time causes little change in hardness : 


Hardness Hp/30 
Oil Quenched ; Tempered 
for 2 Hr. at 700° C., W.Q. 
296 
294 


Soaking Time at 
950° C., min. Oil Quenched 


30 387 
90 384 


The structure shown by the photograph of a sectioned 
and etched valve, Fig. A, seems to be inconsistent with 
the quenching temperature given. The valve has been 
upset from rod which was either coarse-grained initially 
or in a condition to become so when subsequently heated. 
The material which forms the head has been refined by 
the heating before heading, and the subsequent mechani- 
cal working has been carried out at a high temperature, 
except for a thin surface layer which has been some- 
what chilled. The authors consider Mr. Brown to be 
mistaken in believing that this valve had attained a 
temperature of 1050° C. before quenching. However, 
they consider it conceivable that coarseness could persist 
up to this temperature if the Si and Cr contents of the 
material were high enough to give an a—y transformation 
at over 1000° C. The authors consider this not impossible, 
since they have experienced a coarsened valve of which 
the completion of the change point was at a temperature 
of 1025° C. 

Mr. Brown does not seem quite clear in his interpreta- 
tion of Fig. 15 (Allsop and Bygate). This figure, in 
conjunction with Figs. 28, 29, and 34 of the same paper, 
shows that it is not so much the finishing temperature as 
the initial temperature that is important to the elimina- 
tion of the susceptibility of Si-Cr to coarsening as a 
result of subsequent critical strain. The finishing tem- 
perature is significant only if the initial forging tempera- 
ture is below approximately 1075°C., in which case 
grain growth will result on reheating if at the time of 
straining the material has been chilled to a temperature 
of approximately 750° C. (Figs. 34 to 37—Allsop and 
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Bygate). It follows that, as observed by Mr. Brown, 
coarsened zones will be more common in valves forged 
in slower machines, which permit greater possibilities 
for skin quenching. 

In reply to Mr. Harris, no experiments have been 
made to determine the susceptibility of the valve steels 
D.T.D. 311, Silchrome XB, and Silchrome XCR to grain 
growth of the type discussed in the papers. A small 
number of used valves of al] three steels have been exam- 
ined, but in no instance was coarse crystal structure 
present, nor has such grain growth been observed by 
the authors in the specimens of austenitic valve steels. 
They are, however, prepared to accept Mr. Harris’s 
statement regarding grain growth in D.T.D. 498, 
since this material is single phase, a feature generally 
considered to be most favourable for this phenomenon. 

Mr. Harris draws attention to the low creep strength 
of D.T.D. 13B. It would be expected that any residual 
strain would be almost completely removed before the 
a—-y transformation took place in this type of steel. 
That strain should exist at the ‘ growing’ temperature 
is probably not an essential condition of sub-critical 
grain growth. The effect of strain lies in its effect on 
recrystallization and the behaviour of the reformed 
crystals on further heating. Critical strain gives rise to 
a condition of recrystallization—possibly by the limita- 
tion of nuclei—from which abnormal coarsening will 
result. 

The authors are glad to have the confirmation of Mr. 
Bridge that crystallinity might result from strain in 
Si-Cr steel if the material were inefficiently hardened. 
Figs. D and E, referred to by him, agree with the 
authors’ findings that complete refinement is achieved 
at the temperature at which full hardening is obtained. 

The curves of Fig. D do not enable any statement to 
be made on the temperature at which ‘ martensite 
breakdown ’ takes place. Had Mr. Bridge started with 
fully hardened instead of as-rolled specimens he would 
have found a fall in hardness on tempering much below 
775° C. However, in instances where the carbon and 
alloying elements are all on the high side of the chemical 
composition range, there is some difficulty in bringing 
the Brinell hardness within the upper limit of the specified 
range, unless a tempering temperature of 850°C. is 
exceeded. 

In reply to Mr. Bull, the authors can say little on the 
question of the separation of carbides to the grain 
boundaries, except that the microscope shows no 
evidence of the existence of carbides outlining the 
coarsened grains. The grain boundaries are, in fact, 
extremely difficult to etch as a microstructure, although 
the spheroidal carbide etches clearly and without diffi- 
culty. The carbides in the surface layers of decarburized 
rod sometimes separate at the crystal boundaries, and 
under suitable conditions the grain size may be large. 
The refining of such material is difficult, and a reheating 
temperature suitable for the carbon-depleted surface 
layers may be 1100°C., or even higher, but heating to 
this temperature leads to other troubles. These effects 
are not, however, confined to steels of the Si-Cr type. 

The authors thank Mr. Ballard for his interesting 
account of his experiments with Silchrome valves and 
for directing their attention to the ammonium-per- 
sulphate/hydrochloric-acid reagent. 





The remaining discussion on papers presented at the Annual General 


Meeting will be published in the December issue of the Journal. 
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The Determination of Chromium 





in Ferro- 


Chromium 


By the Methods of Analysis Committee 


SYNOPSIS 


A method of analysis for chromium in ferro-chromium has been developed, tested, and approved for 
submission to the British Standards Institution as a recommended standard procedure. 

It is shown that ferro-chromium alloy of both high- and low-carbon grades can be decomposed for analysis 
by hot digestion with sulphuric acid (1 : 1), followed by fuming with phosphoric acid. This form of wet 
decomposition has been found suitable for all normal commercial types of ferro-chromium, whether high 
or low in carbon, but in certain special cases where the silicon content is abnormally high decomposition 
may be protracted and uncertain. For this reason the procedure is not recommended for material containing 


more than 4° of silicon. 


The method of determining the chromium percentage is based on ammonium persulphate oxidation 
with silver nitrate as catalyst, followed by titration with ferrous ammonium sulphate and standard potassium 
dichromate, using barium diphenylamine sulphonate as indicator. 

Various features of the method are discussed and typical results are given. 


ETAILS of an investigation covering the determina- 
|) tion of chromium in all classes of plain, low-alloy, 
and high-alloy steels have already been published,* 
and a recommended method of analysis has been 
recognized as B.S. 1121: Part 13: 1949. The present 
report is the outcome of further investigations which 
had the object of developing, with as little funda- 
mental change as possible, a similar method of the 
analysis for ferro-chromium. 

The work has been conducted by the Highly 
Alloyed Steels and Ferro-Alloys Analysis Sub- 
Committee (a Sub-Committee of the Methods of 
Analysis Committee), constituted as follows : 
Brown-Firth Research Labora- 

tories 


Mr. B. BAGSHAWE 
(Chairman) 
Dr. J. CAMERON Clyde Alloy Steel Co., Ltd. 
Mr. W. T. ELWELL _I.C.I., Ltd., Billingham Division 
Mr. L. E. GARDNER Edgar Allen and Co., Ltd 
Mr. C. L. Grayson’ English Steel Corporation, Ltd. 
Mr. S. HARRISON Kayser Ellison and Co., Ltd. 
Mr. J. D. BIL Bragg Laboratory, N.O.1.D. 
Mr. G. MURFITT Wm. Jessop and Sons, Ltd. 
Mr. R. T. PostLE- 
THWAITE Samuel Fox and Co., Ltd. 
Mr. J. L. WEsT Hadfields, Ltd. 


The major portion of the investigational work 
was carried out by a study group appointed by the 
Sub-Committee and consisting of Mr. J. L. West 
(Convenor), Mr. S. Harrison, and Mr. R. T. PostLe- 


THWAITE. 
The method has been submitted to the British 
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Standards Institution for approval. Details of the 
procedure are given in the Appendix. 


SAMPLE PREPARATION 


The recommended procedure for sample preparation 
is included in No‘e 1 of the Appendix. Even with a 
carefully prepared sample, heterogeneity may still 
exist. The finest particles may show variations of 
composition from the coarser particles, even though 
the total sample has been reduced to pass a 60- 
or 90-mesh sieve. This is illustrated by the following 
results on a carefully prepared sample of 60-mesh 
high-carbon materia] : 
Analysis, % Cr 
Wt. of sample (60-mesh) 150 g. — 
Wt. remaining on 200- 
mesh 106-35 g.=70-9% 66-45 
Wt. passing 200-mesh 43 -65 g.=29-1% 63-90 
Calculated average for sample 65-71 
If, in a particular portion of the 60-mesh sample 
taken for analysis, the distribution of ‘ coarse’ and 
‘fine ’ gradings had been in the ratio 75 : 25 instead 
of the true ratio of 71 : 29 as determined for the total 
bulk sample, the chromium would be 65-81% ; and 
if the ratio in a given case was 65: 35 the reported 





Paper MG/D/71/49 of the Methods of Analysis Com- 
mittee of the Metallurgy (General) Division of the British 
Iron and Steel Research Association, received 20th 
June, 1949. 

* Methods of Analysis Committee, Metallurgia, 1948, 
vol. 39, Nov., No. 229, pp. 41-45. 
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result would be 65-56%. It is clear, therefore, that 
unless special precautions are taken, significant varia- 
tions may occur due to this factor alone. For the 
most precise work it would seem desirable to grade 
further the prepared 60-mesh sample into fractions 
of varying particle size, and to carry out the analysis 
on a composite test sample-weight made up from 
the fractions in proper ratio. Errors due to segrega- 
tion of fines within the sample are minimized if the 
analysis sample can be crushed to 90-mesh or finer, 
instead of 60-mesh, and this also materially facilitates 
solution in acids, but it is necessary to bear in 
mind the possibility of increased contamination from 
the crushing medium. Agate grinding is certainly 
not recommended as tests have shown that the 
chromium percentage may be reduced by as much as 
0:4%, and the silicon percentage increased by 
0-2%, as a direct result of sample contamination 
from the agate mortar and pestle. 

Low-carbon grades show little tendency to variation 
within the sample, and preparation by milling or 
drilling followed by crushing to 30-mesh size is 
adequate for all normal requirements. 


ACID DECOMPOSITION 


The traditional method of decomposition for high- 
carbon ferro-chromium consists of fusion with sodium 
peroxide in a nickel or iron crucible. The purpose 
of the present investigation has been to examine acid- 
solution methods with the object of obtaining a 
procedure for both high- and low-carbon grades which 
is closely in line with the standard method for 
chromium in steel (Methods of Analysis Committee, 
loc. ctt.). 

Preliminary experiments indicated that the most 
promising solvents for the high-carbon alloy were 
concentrated phosphoric acid (sp. gr. 1-75) or dilute 
sulphuric acid. Most grades of high-carbon ferro- 
chromium respond to hot digestion with concentrated 
phosphoric acid. Solution of 0-4 g. of 60-mesh alloy 
is usually complete after one hour’s digestion with 
20 ml. of phosphoric acid (sp. gr. 1-75) at about 
220° C. When solution is apparently complete it is 
useful to raise the temperature to about 250° C. and 
digest for a few minutes longer. Under these con- 
ditions the insoluble siliceous residue has not been 
found to contain more than 1 mg. of undecomposed 
alloy, equivalent to a negative error of 0-25% of 
chromium, and in most cases less than 0-5 mg. 
remained undecomposed. 

Solution with mixed phosphoric-sulphuric acid 
is inferior to either acid used alone and there is a 
marked tendency for silica dissolved by phosphoric 
acid to be dehydrated and precipitated by the 
sulphuric acid. Silica precipitated in this way tends 
to encase the remaining ferro-alloy particles and to 
prevent or retard further attack. In such cases it 
becomes necessary to introduce sodium fluoride to 
promote further solution and this often causes 
trouble at the fuming stage. 

With dilute sulphuric acid, digestion with acid of 
1 : 4 concentration is satisfactory for samples of low 
and medium carbon content, e.g., below 1-5%, but 
the solution is appreciably slower than with phosphoric 
acid. The rate of attack increases with increasing acid 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


concentration until an optimum concentration of 
equal parts of sulphuric acid and water is attained, 
and acid of this concentration is a perfectly satis- 
factory solvent for high-carbon alloy which is not too 
high in silicon. High-silicon grades, e.g., 3-4%, may 
not be completely attacked by sulphuric acid alone, 
but after digestion with hot acid of 1 : 1 concentration 
until active solution ceases, followed by addition 
of dilute phosphoric acid and subsequent fuming, a 
satisfactory decomposition is obtained. In all cases 
the preliminary attack is made with sulphuric acid 
alone. The attack may not be complete if the order 
of the acids is reversed. A 6% C, 3-6% Si alloy was 
examined in this way and in several cases the solutions 
were filtered and the siliceous residues were tested 
for chromium. The maximum quantity found was 
0-2 mg., equivalent to 0-05% Cr on a 0-4-g. sample, 
with an average value equivalent to 0-03% Cr. 

High-carbon ferro-chromium containing more than 
34% Si becomes progressively more difficult to 
decompose, and for this reason the recommended 
range of the method is limited to alloys containing 
less than 4%, Si, which covers all normal grades of 
present-day commercial ferro-chromium. 

PERSULPHATE OXIDATION 

Optimum conditions for quantitative conversion of 
trivalent to hexavalent chromium by silver-nitrate 
ammonium-persulphate oxidation have already been 
standardized for chromium in steel (Methods of 
Analysis Committee, loc. cit.). It has been confirmed 
that these conditions largely hold for the higher 
chromium concentrations encountered in _ ferro- 
chromium analysis, with the exception that larger 
amounts of ammonium persulphate are required. 
Using 25 ml. of silver nitrate (1%), 6 g. of ammonium 
persulphate are required to ensure oxidation of 
0-25 g. of chromium (i.e., 0-4 g. of 62% Cr ferro- 
alloy). If the quantity of silver nitrate is reduced to 
5 ml., then at least 10 g. of ammonium persulphate 
are required. In most cases these quantities will just 
complete the oxidation and it is preferable to use 
this minimum amount at first. If the permanganate 
colour does not develop after a boiling period of 
5 min., further 0-5-g. additions of ammonium per- 
sulphate are made (see Note 3 on p. 310). 

TITRATION 

Comparative tests were made using potassium 
permanganate and potassium dichromate as final 
titrant for the ferrous ammonium sulphate remaining 
after reducing the hexavalent chromium. These tests 
showed a decided advantage for dichromate used in 
conjunction with barium diphenylamine sulphonate 
indicator. The change point of this indicator is much 
more clearly defined in chromium-rich solutions than 
the change point obtained by permanganate. This 
was also recognized when the method for steels was 
examined, but permanganate was finally adopted 
because it provided for steels containing vanadium. 
In the case of ferro-chromium it is improbable that 
more than trace amounts of vanadium will be present, 
and accordingly dichromate is recommended as the 
final titrant instead of permanganate. In special 
cases, where vanadium is known or found to be 
present, it would be necessary to substitute per- 
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sabe Table I 
t too DETERMINATION OF CHROMIUM (%) IN TYPICAL SAMPLES OF FERRO-CHROMIUM 
may asiiiaias 
nalys 
lone, Sample Type A B c D : US G H I Average 
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ition MGS10 0-08% C, 1-1 % Si 67-2 67-25 67:35 67:25 67:2 67-2 67:2 67-2 67-35] 67-25 
ig, a MGS51 6:0 % C,3-6 % Si 62:6 62:4 62:5 62-4 62-6 62-6 62-35 62-4 62-35/| 62-5 
ASeS MGS57 | 0-08% C, 0-13% Si 69-4 69-45 69-45 ... 69-6 69-45 69-45 69-45 69-45| 69-45 
acid MGS58 0 -95% C, 1-20% Si 71-0 71-25 71-4 va 71-35 71-25 71-4 71-5 71-4 71-3 
dbee MGS59 5 -02% C, 1-70% Si 8-6 68-8 68-7 bes 69-0 68-8 68-8 69-0 68-6 68 -8 
was 
‘ions : ‘ : : : , . ‘ ” ” 
aaa manganate as final titrant, or alternatively, if di- Sulphuric Acid (1: 1)—To 500 ml. of water add 
poo chromate were used, to correct for it on the basis cautiously 500 ml. of sulphuric acid (sp. gr. 1-84), 
: “a of the following relationship : mix, cool, and dilute to 1 litre. 
“ % vanadium x 0-34 = chromium Phosphoric Acid (1: 1)—To 500 ml. of water add 
than The percentage chromium equivalent obtained in 500 ml. of phosphoric acid (sp. gr. 1-75), mix, cool, 
ep this manner would then be deducted from the per- and dilute to 1 litre. caiate als , 
ded centage chromium as calculated from the total titre Potassium Permanganate (0-5%)—Dissolve 0-5 g. 
. ; rR ‘ of potassium permanganate in water and dilute to 
ning (see Note 5 on p. 310). p? P 5 
sur It is important, when large amounts of titrant are 100 ml. P : i : 
used (e.g., 0-4 g. of ferro-chromium require 80-100. Silver Nitrate (1'/o)}—Dissolve 10 g. of silver nitrate 
ml. of N/5 ferrous ammonium sulphate) that the '™ water and dilute to 1 litre. pon 
¢ solutions should be used at the temperature at which Hydrochloric Acid (1 3)—Dilute 250 ml. of hydro- 
vv they are standardized, otherwise a correction must chloric acid (sp. gr. 1-39) to I fitre. ’ 
ate be applied : e.g., 53° C. will cause an alteration in Indicator—Dissolve 0°37 g. of barium diphenyl- 
een. volume of 0-1 ml. in 100 ml.. an error of one part amine sulphonate in 90 ml. of hot water, cool, and 
| - per thousand, accounting for 0-07°% Cr on a 70% Cr dilute to 100 ml. A / = ; 
in basis. It is also recommended that the factor value Ferrous Ammonium Sulphate (N/5 approx.)—Dis- 
+n of the ferrous ammonium sulphate be obtained on —_ rs B. mt ieevous eigen ee sulphate (FeSO, 
el 40 ml. of the N/5 solution, i.e., a volume equal to (NH,),SO,-6H,0) in a mixture of 600 ml. of water and 
rger approximately half the average test titration. 30 mi. of sulphuric acid (sp. gr. 1-84), cool, and dilute 
red. : to 1 litre. 
ium RESULTS Potassium Dichromate (N/10)—Dissolve 4-9035 g. 
ot a il i a i wits tuna of potassium dichromate (maintained at fusion point 
... amples of ferro Le a ggg OR ge Tabi I for 1 min. ina silica crucible and cooled in a desiccator) 
1 to a ; at meee > + in 500 ml. rater, ilute xactly 1 litre. 
satis hese results illustrate the reliability and the general SAAR, AR: ED Oe SEMAN 
just applicability of the method for determination of Sampling 
use chromium in commercial ferro-chromium. Recommended methods of obtaining a suitable 
late : sample for the analytical procedure outlined below are 
| of Appendix described in B.S... .. * 
per- DETAILS OF THE METHOD 
Introduction Procedure 
Principle—The method depends upon decomposi- Transfer 0-4 g. of sample (see Note 1, p. 310) to 
at tion of the alloy by digestion with sulphuric acid and @” 800-ml. conical beaker. Add 25 ml. of sulphuric 
inal fuming after addition of phosphoric acid. Chromiumis ¢id (1: 1), cover the beaker, and heat very gently 
ing determined by silver-nitrate/ammonium-persulphate for 20 min. or until action has apparently ceased (see 
asts oxidation and titration with ferrous ammonium Note 2). Add 20 ml. of phosphoric acid (1 : 1), cover 
lin sulphate and standard dichromate using barium the beaker, and evaporate just to fumes. Allow to 
inte diphenylamine sulphonate as indicator. cool, add 40 ml. of cold water, bring to the boil, add 
=, o/ 1 ml. of nitric acid (sp. gr. 1-42), and boil for 2 min. 
ach Range—Up to 100% Cr. Pp. 8 
han Reproducibility—In the range 60-70% Cr -- 0+25%, Dilute to 400 ml. with hot water, add a few pieces 
this Cr. of crushed silica brick (or glass beads), 1 ml. of 
vas Application—The method is suitable for both high- potassium permanganate solution (0-5%), 25 ml. of 
ner and low-carbon grades of the usual commercial types silver nitrate (1%), and 6 g. of ammonium persulphate. 
“. of ferro-chromium alloy, but it is not recommended Bring to the boil and boil for 10 min. after the 
wr for special types containing more than 4% Si. permanganate colour develops (see Note 3). Add 
reo ; 15 ml. of hydrochloric acid (1 : 3) (see Note 4), boil 
' nn Reagents Required for a further 5 min., and cool to room temperature. 
‘ied All reagents shall be of the highest purity obtain- Titrate with ferrous ammonium sulphate solution 
“an able, and distilled water shall be used throughout. (N/5 approx.) until an excess of at least 5 ml. is 
bi, Solutions shall be freshly prepared and, where neces- present, add 5 drops of indicator solution, and back- 
sary, filtered. Details of the solutions required are 
» as follows : * In course of preparation. 
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titrate dropwise with potassium dichromate solution 
(N’/10) to a deep violet colour (see Note 5). 


Standardization 

Transfer 25 ml. of sulphuric acid (1 : 1) and 20 ml. 
of phosphoric acid (1 : 1) to an 800-ml. conical beaker, 
dilute to 400 ml., and add 5 drops of indicator solution. 
Add three drops of ferrous ammonium sulphate (N/5 
approx.) and potassium dichromate solution (N/10) 
dropwise until a deep violet colour is obtained. Add 
40 ml. of ferrous ammonium sulphate solution (N/5 
approx.), and back-titrate with potassium dichromate 
solution (N/10) to a deep violet end-point, recording 
the volume of potassium dichromate solution required 
to titrate the 40 ml. of ferrous ammonium sulphate 
solution. 


Calculation 
Calculate the factor for the ferrous ammonium 
sulphate and correct the amount used in the assay 
titration in terms of its equivalent of standard 
potassium dichromate (N/10), as follows : 
1 ml. potassium dichromate (N/10) = 0-001734 g. Cr 
*, Cr, % = (A — B) x 0-001734 x 250 
= 0-4335 (A — B) 
where A ml. = volume of ferrous ammonium sulphate 
corrected to N/10. 
B ml. = volume of potassium dichromate (N/10) 
actually used in the assay titration. 


Notes 

(1) High-carbon grades’ must be crushed in a 
hardened steel percussion mortar to pass a 60-mesh 
sieve. A 90-mesh sample may be used with ad- 
vantage for alloys which crush readily, 7.e., in cases 
where there is little danger of significant contamina- 
tion from the crushing medium. Low-carbon grades 
can be prepared in the form of fine millings or drillings, 
which may need to be rubbed in a hardened steel 
mortar to reduce them sufficiently to pass a 30-mesh 
sieve. 
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(2) It is important to ensure that the whole of the 
sample is covered by the acid and that no fine particles 
adhere to the beaker walls above acid level, or sub- 
sequently become stranded due to shaking of the 
beaker during the solution process. The digestion 
treatment should be allowed to proceed steadily and 
without undue movement or disturbance of the 
beaker and its contents. Particular care should be 
taken to avoid undue evaporation during solution 
of the sample in sulphuric acid. 

(3) If a permanganate colour does not develop 
after boiling for 5 min., cautiously make further 
0-5-g. additions of ammonium persulphate to the hot 
solution until the permanganate colour is obtained, 
and boil for 10 min. 

(4) If the pink coloration is not discharged, make 
further 5-ml. additions of hydrochloric acid (1 : 3), 
boiling after each, until the permanganate colour 
is destroyed. 

(5) Titration with potassium dichromate includes 
the equivalent of any vanadium present. This element 
is not normally a constituent of ferro-chromium, but, 
if present, a correction equal to 0-34 times the van- 
adium percentage content must be deducted from the 
chromium percentage obtained. Alternatively, the 
effect of vanadium may be negatived by a modified 
form of titration, substituting potassium permangan- 
ate (N/10) for potassium dichromate. In this case 
omit the indicator and titrate to a permanent 
‘ violet ’ end-point (chromium green plus permangan- 
ate pink) which persists for at least 30 sec. 

Permanganate end-points are rather difficult to 
locate accurately in chromium-rich solutions, and 
there is some danger of over-titration. It is for this 
reason that potassium dichromate is preferred as the 
standard titrant in normal circumstances. Details 
for the preparation and standardization of potassium 
permanganate are given in B.S. 1121: Part... * 





*In course of preparation. 





A Note on Reproducibility in Chemical Analysis 
By J. O. Lay, A.R.I.C. 


SYNOPSIS 
An outline of the preparation of standard methods of analysis by the Methods of Analysis Committee 
of the British Iron and Steel Research Association is presented, showing the reproducibility of analytical 
results obtained and emphasizing the importance of good sampling technique. 


OR some years past the efforts of many experi- 
k enced chemists have been directed toward the 

improvement of analytical methods and procedure, 
and this aspect of industrial development has been 
the particular interest of the Methods of Analysis 
Committee of the British Iron and Steel Research 
Association, as one of its services to the industry 
which it represents. 





Manuscript received 13th July, 1949. 

Mr. Lay is Technical Secretary of the Methods of 
Analysis Committee of the Metallurgy (General) 
Division of the Association. 
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The work was originally directed by a Sub- 
Committee,! set up in 1939 by the Joint Research 
Committee on the Heterogeneity of Steel Ingots, 
of The Iron and Steel Institute and the British Iron 
and Steel Federation. The responsibilities of this 
Sub-Committee were taken over by the Methods 
of Analysis Committee after the formation of the 
British Iron and Steel Research Association, in 1945. 
An account of one of the later researches undertaken 
by the Sub-Committee was published in the Journal 
of The Iron and Steel Institute in 1947.2 This dealt 
with the determination of phosphorus in austenitic 
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steels, and the reported figures obtained by the 
co-operating laboratories showed very satisfactory 
reproducibility, while the final method was accepted 
by the British Standards Institution, and issued as 
B.S.1121: Part 9: 1948. 

The Methods of Analysis Committee has appointed 
five Sub-Committees to deal with various parts of 
the field for which it is responsible, and each Sub- 
Committee consists of twelve experienced chemists 
drawn from industrial, research, and Government 
laboratories. The terms of reference include the 
preparation of standard methods of analysis, each of 
which can be employed for the accurate determina- 
tion of one or more elements in a wide range of 
materials, without undue consideration being given 
to the time necessary to carry out the analysis. The 
present constitution of the main Committee (July, 
1949), is as follows : 

Dr. E. GREGORY 
(Chairman ) 

Mr. N. F. ASTBURY 

Mr. B. BAGSHAWE 


Edgar Allen and Co., Ltd. 


G.K.N. Research Laboratories 
Brown-Firth Research 
Laboratories 
Mr. W. F. CHARTERIS Colvilles, Ltd. 
Mr. S. W. CRAVEN 1.C.I., Ltd., Alkali Division 
Mr. G. MURFITT Metals and Methods, Ltd. 
Mr. H. G. SHORT National Physical Laboratory 
Mr. G. E. Speiagnt United Steel Companies, Ltd. 
Mr. S. D. STEELE Babcock and Wilcox, Ltd. 
Mr. E. J. VauGHAN Admiralty, R.N.S.S. 


Headquarters 

Mr. T. R. WALKER English Steel Corporation, 
Ltd. 

Mr. W. WEstwoop British Cast Iron Research 
Association 


Mr. J. H. WRIGHT Dorman, Long and Co., Ltd. 


The usual method of approach to a problem is as 
follows : 

(i) The combined experience of the members is 
assembled and correlated 

(ii) A method is formulated based either on existing 
practice or on theoretical considerations 

(iii) The method is used on a group of samples 
circulated to all the co-operating chemists, and the 
results are sent in independently 

(iv) Modifications to the method are introduced if 
found desirable for improved accuracy or ease of 
manipulation 

(v) The final method is again applied to a representa- 
tive series of samples 

(vi) A report of the investigation is prepared, con- 
taining all the relevant information and analytical 
figures. 


When the report and standard method have been 
approved by the main Committee they are submitted 
for publication, and a copy of the method is sent to the 
British Standards Institution for consideration as a 
British Standard Method of Analysis, for which 
purpose it is critically examined and tested by 
members of the appropriate B.S.I. Committee. 
Reports such as those mentioned above have recently 
appeared in Metallurgia® and other scientific journals, 
and some dealing with special investigations have also 
been published.‘ In addition, information about the 
progress of the work is circulated to industry at 
regular intervals, and conferences are held at which 
current researches and new problems are discussed. 

In view of the exceedingly satisfactory results 
obtained in such investigations, it is, to say the least, 
deplorable to read in a recent publication® references 
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Table I 
Content Reported, °%, 
Alloying 
Element Sample Lab. A ( Lab. ~ Difference 
i) ii 

Silicon A 16 0-21 0 -36 0 -34 0-14 

A 30 0 -48 0-76 0 -67 0 -23 
Manganese A 32 0-75 0-51 0-47 0 -26 

A 35 0 -37 0 -96 0-93 0-57 
Nickel A 19 2-83 2-15 2-93 0 -29 


A 33 0-76 0 -56 0-61 0-17 


to the unreliability of chemical methods of analysis in 
the hands of experienced operators, and to see lists 
of results so variable as to afford justification for this 
remarkable statement. A few of the figures are 
reproduced in Table I. 

As a matter of interest, it may be appropriate to 
record (Table II) the results obtained during some 
recent co-operative work by one of the Sub-Com- 
mittees mentioned above, using methods perfected by 
the procedure outlined. The samples indicated are 
selected at random from a series of alloy steels under 
investigation, all of which showed results in no way 
inferior to those quoted. 

Similar ranges of element content, determined by 
the application of standard methods, have been 
reported in various other investigations, another 
typical example, arising from the use of a draft method 
which is approaching its final stage, being given in 
Table IIT. 

Throughout the research programme it has been 
consistently found that where varying methods are 
employed for the same determination, appreciable 
differences in the reported results are generally to be 





Table II 
Content Reported, °, 
Alloying 
El t Sample Average Highest Lowest Range 
Silicon woe 0-014 0-017 0-010 0-007 
B 0 -624 0 -640 0-615 0-025 
C 0-808 0 -829 0-786 0-043 
Manganese... A 0-166 0-174 0-159 0-015 
B 1-115 ° 1-14 1-08 0 -06 
8, 0-790 0-80 0-775 0-025 
Nickel so 5-16 5 -25 5 -09 0-16 
B 0-565 0 -58 0 -55 0 -03 
© 0 -047 0 -055 0-035 0 -020 
Chromium A 0 -045 0-048 0 -040 0-008 
B 0 -955 0-97 0 -93 0 -04 
C 3-07 3-10 3-01 0-09 
Molybdenum A 0-185 0-191 0-170 0-021 
B 1-41 1-45 1-37 0-08 
Cc 0-425 0-46 0-40 0 -06 
Vanadium... <A 0-035 0 -042 0 -027 0-015 
B 0 -265 0-275 0 -255 0 -020 
C 0-645 0-661 0-617 0-044 
Copper A 0-089 0-100 0-079 0-021 
B 0 -23 0 -24 0 -22 0 -02 
Cc 0-18 0-195 0-165 0-03 
Table III 
Iron content, % 
Iron Ore Samples Average Highest Lowest Range 
Cleveland 1 30-5 30-8 30 -2 0-6 
Mai-sur-Orne 2... 43-7 43 -95 43 -4 0-55 
Wabana 3... 52-5 52-7 52-3 0-4 
Kiruna 4 65 -4 65-8 64-8 1-0 
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Table IV 
Content Reported, %, 


Alloying 
Element Sample Average Highest Lowest Range 
Molybdenum A 0-051 0-065 0-037 0-028 
B 0-084 0-103 0-065 0-038 
Cc 0-129 0-153 0-100 0-053 
alts D 0-108 0-136 0-080 0 -056 
E 0-158 0-185 0-114 0-071 
F 0-211 0-240 0-150 0-090 


expected, but that where a standard method has been 
evolved, analysis figures obtained by it are reproduc- 
ible, and can be confirmed by any analyst who is 
reasonably familiar with the operating technique. 

Some figures obtained in preliminary work, when 
the Sub-Committee members used their own routine 
methods on circulated samples, are given in Table IV 
for comparison with those in Tables I-III, and it 
will be seen that in this case the extreme range is 
of the order of + 25%. 

A further point arising from this work which also 
deserves mention is sampling. It has already been 
indicated that the analytical results quoted have been 
obtained on samples circulated to all members of the 
Sub-Committee concerned, but it must be stressed 
that these samples are previously prepared in a 
homogeneous condition. An example of the dis- 
crepancies possible is shown by some results on a 
sample of ferro-chromium alloy crushed to pass 60 
mesh, of which 29% passing 200 mesh gave 66-45% of 
chromium, whereas the remaining 71°% contained only 
63-90% of chromium. A committee of the British 
Standards Institution has the whole subject of 
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sampling under review, with the co-operation of the 
B.I.S.R.A. Methods of Analysis Committee, and 
suitable procedures for obtaining homogeneous and 
representative samples are being formulated. 

On the basis of the evidence already assembled, it 
can confidently be stated that standard methods are 
being and will continue to be prepared which, in the 
hands of any chemist of reasonable skill and experi- 
ence, will produce analytical results very closely 
approximating to the true figure and capable of 
infinite reproduction, provided that the sample truly 
represents the composition of the material under 
examination. 
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A Radio-Active Technique for Determining Gas 
Transit Times in a Driving Blast-Furnace 


By E. W. Voice, B.Sc., A.Inst.P. 


SYNOPSIS 


A new radio-active tracer technique is described to show how the transit time for gas in a driving blast- 
furnace can be measured. The results obtained in the first experiment on a 20-fr. dia. furnace are used 
to illustrate the method. Extensive data will be necessary before full conclusions can be drawn, and a detailed 
description of the technique is therefore given in order to stimulate similar trials. 


ROM both chemical and physical standpoints 
k it is desirable to know the gas velocities obtaining 
in various positions in a blast-furnace in order 
to determine with certainty the effects of burden 





Paper IM/B/14/49 of the Blast Furnace Process 
Committee of the Iron Making Division of the British 
Iron and Steel Research Association, received 28th 
May, 1949. The views expressed are the author’s 
and are not necessarily endorsed by the Committee. 

Mr. Voice is in the Field Trials Seetion of the Iron 
Making Division of the Association. 
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porosities and the times of contact between the gases 
and solids. Recent work on furnaces, using the 
multi-point probe and the Bowden wire method for 
delineating the stockline contour, has emphasized 
the need for answers to the following questions : 


(1) What are the actual gas velocities in the furnace, 
or what are the transit times for the gas through 
the burden ? 

(2) What are the relative gas velocities or transit 
times at the centre of the furnace and at the inwall ? 
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Fig. 1—Details of burster for radio-active materials 


Previeus attempts to measure gas velocities have 
been made by Kinney,* using a pit6t tube to measure 
the dynamic head. The results obtained on a 19 ft. 
4 in. dia. furnace suggested that the free area for 
flow of gas in the burden was 8% and gave gas veloc- 
ities of between 70 and 450 ft./sec. in different 
positions. The pit6ét tube was 1} in. in dia. and 
was driven into the burden through holes in the side 
of the furnace. The use of a pit6t tube has the 
objections that it will measure pressure drops as well 
as dynamic heads, and that the presence of the pitét 
tube itself must affect the free area in the burden 
adjacent to the tip, which would in turn influence 
the velocities. 

An alternative method, employing radio-active 
tracers, was therefore devised so that a small volume 
of radio-active gas was introduced into a tuyere, 
and the gases were sampled from a point in the 
furnace. The gas samples were analysed for activity 





*S. P. Kinney, ‘“‘ The Blast-Furnace Stock Column.”’ 
U.S. Bureau of Mines, 1929, Technical Paper 442. 





Fig. 2—Burster fitted to the tuyere latch 
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and the times of transit could be calculated from 
the results obtained. Details have been carefully 
worked out and the first experiment on a furnace 
has proved successful. 

DETAILS OF THE METHOD ADOPTED 

The radio-active tracer material must be an inert 
gas so that it can pass unchanged through the high- 
temperature zone. Two obvious choices are there- 
fore radon and xenon; radon, being more readily 
obtainable at the present time, was chosen for the 
first experiment, in spite of the disadvantage of its 
high molecular weight, and therefore the risk of 
absorbtion by carbon. However, this danger should 
not be serious at the relatively high temperatures 
of the burden. 

Because of the desirability of very rapid intro- 
duction of the maximum concentration of activity, 
the radon was projected into the hot-blast stream by 
explosives. After the release of radon, yas samples 
were taken at known time intervals from a point 
on the stockline and were analysed for radio-activity ; 
the gas transit time was then deduced from a time 
activity curve. 

Introduction of Radon 

It was at first considered that the radon should 
be introduced at the entry point to the ring main to 
ensure even distribution in the air passing through 
each tuyere, and thus there would be no likelihood 
of the radon by-passing the sampling point at the 
top of the stock column. Calculations, however, 
showed that the air blast in the ring main took about 
1} sec. to reach the far tuyere, and thus no accurate 
estimate of zero time could be made. It was there- 
fore decided to introduce the radon into the tuyere 
situated vertically below the sampling-hole entry 
pipe. 

Burster Container 

The burster container is shown in detail in Fig. 
1 and fitted to the tuyere latch in Fig. 2. The con- 
tainer has five important features : 

(a) To withstand the forces without damage it 
is made of 3-in. thick steel throughout. 

(b) A removable end plug fitted with a modified 
sparking plug takes the electrical circuit through the 
burster chamber. 

(¢) The chamber for the explosives and radon 
is arranged so that gases generated from the explosives, 
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Fig. 3—Gas-sampling apparatus 








if constrained, produce about 500 Ib./sq. in. pressure 

(33 atm.). When this gas is released in the tuyere 

about 95% of the radon is ejected within a few 

milliseconds. 

(d) A copper disc (0-001 in. thick) fitted between 
the radon chamber and the tuyere latch holds back 
the blast pressure and prevents the hot blast from 
coming into contact with the explosives, but it readily 
bursts at about 100 Ib./sq. in. pressure. 

(e) The material between the copper disc and the 
tuyere latch is water-cooled to prevent the explosive 
chamber from heating by conduction from the hot 
tuyere. 

Eight millicuries of radon, contained in four gold 
tubes, each about } cm. long and ? mm. in dia., 
were used for the experiment. The tubes were 
attached to a small piece of adhesive tape and were 
wrapped round the end of a No. 33 electric detonator. 
The detonator was then enclosed in a cardboard 
tube containing 2 g. of ballistite. This arrangement 
ensured that, on firing the detonator, the gold tubes 
were shattered, thus releasing the radon, and that 
the gases from the ballistite would sweep the radon 
into the tuyere. The burster container was set up in 
advance and was attached to the tuyere, and operating 
a switch on the gas-sampling apparatus completed 
the detonator c'reuit when required. 

Gas Sampling 

The furnace was equipped with a_ horizontal 
2-in. hole* above the stockline for use in measuring 
the stockline contour. A weighted flexible (asbestos- 
sealed) metallic tube was threaded through a length 
of 1}-in. pipe and this assembly was passed into the 
furnace through the 2-in. hole. By this means the 
weighted end of the flexible pipe could be lowered to 
any point on the stockline along the radius of the 
furnace and the gases could be conducted to the exter- 
nal gas sampler. 

The gas sampler (Fig. 3) consisted of a large cir- 
cular water-filled pan with 30 gas jars arranged 
around its periphery. The gas inlet was fitted below 





* E. W. Voice, Journal of The Iron and Steel Institute, 
1949, vol. 162, Aug., p. 450. 
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the centre of the pan and communicated with a 
rotating radial arm arranged so that the gas was 
directed into each jar in succession and sampled by 
water displacement. Sight glasses were fitted to 
each gas jar to ascertain how much gas passed during 
the experiment. The first movement of the arm 
completed an electrical circuit and fired the detonator 


in the burster container on the tuyere. The arm 
made a complete revolution in 22 sec. By this 


means samples of gas were obtained at known 
intervals after the introduction of the radon into the 
tuyere. A correction could be applied for the time 
of passage of the gas in the known length of flexible 
pipe used, which was 1-56 sec. 

Evacuated 500-c.c. flasks were placed in turn over 


. the taps of each gas jar and were filled by opening 


the taps. 
Estimation of Radio- Activity 

Having collected the gas samples, the numbered 
flasks were taken to the laboratory for analysis 
of their radio-active content. Being fitted with 
ground rims, the flasks (after inverting) were directly 
attached to the counter, using a grease seal so as to 
avoid interposing an extra window between the gas 
and the counter. The samples were stored for 
5 hr. before analysis in order to attain radio-active 
equilibrium and maximum activity. 

Since the radon or disintegration products would 
give a, 8, or y radiations, according to the time 
interval between sampling and analysis, a Geiger 
Miller counter, fitted with a thin mica window, 
was employed in conjunction with a Dynatron scaler. 


Figure 4 shows an inverted flask in position on the 
counter. 
RESULTS 
Calculations had suggested that there should 


be an adequate count in the appropriate gas samples, 
but as the possible dilution suffered by the radon in 





Fig. 4—Inverted flask in position on counter 
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the furnace was unknown, careful counts were made 
to see if the activities were significantly above back- 
ground. It was found that sample 7 had the greatest 
activity and samples 6, 8, and 9 were also signifi- 
cantly active. The results are plotted in Fig. 5, 
and details of the counts obtained in each sample were 
as follows : 
Significance 


Sample Couuts per Minute Level 
Background count 26-1 +4 2-3 

1 27-0 + 2-3 non 

2 23-4 42-2 non 

4 22-8 + 2-1 non 

5 30-4 + 2-4 <0-05 

6 35-6 + 2-6 <0-001 

gi 40-4 4+ 2-8 <0-001 
8 32-6 4-2-5 <0-005 

9 33-6 + 2-5 <0-001 

11 28-0 + 2-4 non 
13 31-0 + 2-5 <0-025 
15 25-44 2-3 non 
17 26-4 + 2-3 non 
20 24-6 + 2-2 non 
23 24-6 + 2-2 non 
28 27-44 2-3 non 


All the above were 5-min. counts; 15-min. counts 
on samples 6 and 8 gave 34-8 +- 1-52 and 33-4 
-. 1-49, respectively, giving significance levels of 
< 0-001 for both samples. 

The time scale in Fig. 5 is corrected for the gas 
transit time through the flexible pipe, and also for 
uneven movement of the rotary arm of the gas sampler 
(hand-operated), assuming the rate of flow of gas 
through the pipe to be constant. Previous experience 
had shown that unless sudden choking occurred, 
the gas flow from the pipe was steady for much longer 
periods than the short duration of this experiment. 
[t will be seen, therefore, that the peak activity at 
the centre of the stockline occurred about 4} sec. 
after the radon was introduced, and that activity 
extended over the range from 2? sec. to 63? sec. 

To determine the relative transit times for gases 
reaching the centre of the furnace and the inwall, 
simultaneous sampling will be required at the centre 
and at the edge of the stockline by having two entries 
to the furnace and extending the radial arm so that 
half of the gas jars are used for each sampling position. 


CONCLUSIONS 

(1) The experiment has shown that the technique 
is straightforward and sound. The results obtained 
on the first experiment are shown in Fig. 5. 

(2) With a single introduction of radon a multi- 
plicity of sampling equipment can be installed, 
so that the simultaneous times of passage from tuyere 
to many points in the furnace may be found. 

(3) It would probably be better to use 30 or 40 
millicuries of radon in order to obtain greater activi- 
ties in the gases. 

(4) Further experiments will be directed towards 
simultaneous sampling at the centre and at the edge 
of the stockline. 

(5) The time taken before the start oi activity 
reaches the stocklin> is 0° great interest. Its precise 
significance is difficult to interpret, but it is hoped 
that further experiments will enable conclusions to 
be drawn from minimum, average, and maximum 
transit times. 
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Fig. 5-—Results of analysis of gas samples for radio- 
activity 
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FOUNDRY EFFICIENCY 


An important advisory service is being set up by the 
Ironfounding employers, through the joint action of the 
British Cast Iron Research Association and the Council 
of Ironfoundry Associations, in conjunction with the 
Joint Iron Council. 

The Research Association will shortly appoint an 
operational research team, which can be called in by 
[ronfounders who are seeking to raise the operating 
efficiency of their foundries. Confidential reports will 
be made to the managements on any steps that may be 
needed to improve the performance, whether in relation 
to quality, output, cost, or the best use of manpower. 

The Research Association is at present inviting 
applications from three or four types of people—an 
executive with experience in management and costing ; 
an engineer for planning and mechanization ; a metal- 
lurgist, and, possibly, a specialist in working conditions. 

This advisory service will supplement the efforts of 
the mutual aid groups which have already been set up 
co-operatively by some employers’ associations in the 
Ironfounding Industry. 

The Council of Ironfoundry Associations, in associa- 
tion with the Joint Iron Council, has, in recent years, 
assumed a considerable measure of responsibility for 
the evolution of the Industry on progressive lines, and 
the establishment of the new advisory service is a 
practical step towards attaining the national need of 
higher productive efficiency. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





An Investigation of Back-Pull Wire Drawing 
as an Industrial Technique 


By J. G. Wistreich, M.Sc.(Eng.), D.I.C. 


SYNOPSIS 


Back-pull wire drawing has been experimented with on a laboratory scale by a number of investigators, 
who, on observing a lowering of die load and wire temperature, concluded that back pull could save power 
and prolong die life, and that the drawing speed might be raised without detriment to the quality of the 
wire. The present investigation was undertaken to determine whether, under industrial conditions, 
back-pull drawing offers any advantage over conventional methods. 

The experiments were performed on the prototype model of a 4-hole industrial machine of novel design, 
and were confined to the drawing of soap-lubricated, heavy-gauge wire, in both mild-steel and high-tensile 
rope wire qualities. In most instances the effect of back pull was gauged from a comparison of extreme 
conditions—one in which the back pull was as small as possible, the other in which it was as large as was 
compatible with the smooth operation of the machine. The mechanical properties of the wire, it was found, 
remained unaffected by the increased drawing stress (with which back pull is associated), except when it 
approached the ultimate tensile stress of the drawn wire. The power saving was not appreciable, and 
although there was some evidence of an improvement in die performance, the rate of die wear depended 
at least as much on the quality of the wire surface as on the magnitude of the die load. It was confirmed 
that heavy back pull lowers the temperature of drawing, but it does not counteract the adverse influence 
of increased drawing speed on the quality of high-tensile rope wire. Since moderate back pull has no 
harmful effect on the wire, the method of straight-line slipless drawing, i.e., drawing without storage of 
wire on the blocks, can be used to advantage. It affords scope for altering the design of multi-hole machines 





to improve the die performance and to facilitate fast drawing of very thick high-tensile wire. 


Introduction 


HE most important practical requirements of the 
wire-drawing process are: (i) the wire emerging 
from the die must sustain the drawing force, 

(ii) the die must resist heavy hoop stresses and 
frictional wear, (iii) the lubricant must withstand the 
pressures and temperatures within the die, and (iv) 
the drawing speed must not cause high temperatures 
which may impair the quality of the wire. 

Theoretical inquiry suggests that the method of 

drawing with back pull is unfavourable to the first 
of these requirements, but that it may ease the 
others. Earlier investigations* have demonstrated 
that the die load and the wire temperature are pro- 
gressively lowered by the application of increasing 
back pull, and also that the drawing force is increased 
until, eventually, it causes rupture of the drawn wire. 
Also considered was another possibility, not apparent 
from the theoretical analysis, namely, that back pull, 
by virtue of its effect on the plastic stress system, 
alters the mechanical properties of drawn wire. The 
results of the investigations did not answer this 
question unequivocally. Back pull did not affect 
the ultimate tensile stress, but of tests involving the 
ductility of the wire, such as the reduction in area 
in the tensile test and the torsion test, some showed 
a change with back pull, others did not. No study 
was made of the effect of back pull on die wear, 
lubrication, or drawing speed. 

Following the early experiments, patents were 

filed in several countries for machines, most of which 





* J. G. Wistreich, Journal of The Iron and Steel 
Institute, 1947, vol. 157, p. 417; The Wire Industry 1948, 
vol. 15, pp. 177, 253. 
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incorporated ingenious devices for recovery of back- 
pull energy, because it was realized that by this 
means a saving might be achieved in the overall 
power consumption. Several machines were built, 
in Germany, in the U.S.A., and more recently, in this 
country, but, as far as is known, none, except the 
machine used in the present investigation, has under- 
gone extensive industrial trials. 

OBJECTS OF THE INVESTIGATION 
The purpose of this investigation was to supplement 

earlier work and to ascertain whether, for industrial 
purposes, back-pull drawing offers any advantage 
over conventional methods. The following pro- 
positions were put to the test : 

(i) That back pull would affect the mechanical 
properties of the wire because of its influence on the 
stress system in the zone of plastic deformation 

(ii) That it would save power 

(iii) That it would reduce die wear 

(iv) That because of the lowering of the drawing 
temperature, rope wire might be drawn faster than 
is customary in conventional drawing, without sacri- 
ficing its specified mechanical properties. 


Throughout the investigation, attention was focused 
on practical problems. The treatment of the 


materials and the operation of the machine followed, 
as closely as possible, modern industrial practice. 





Paper MW/D/9/49 of the Drawing Committee of the 
Mechanical Working Division of the British Iron and 
Steel Research Association, received 18th May. 1947. 
The views expressed are the author’s and are not neces- 
sarily endorsed by the Committee as a body. 

Mr. J. G. Wistreich is in charge of the Drawing Section 
at the British Iron and Steel Research Association’s 
Metal Flow Research Laboratory, Sheffield. 
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More than 100 tons of low-carbon and high-carbon 
steel in the form of rod or wire, ranging in size from 
3 to 7 S.W.G., was drawn to finished sizes of 10 to 
12 S.W.G., at speeds up to 1600 ft./min., and was 
tested according to standard procedure by taking 
specimens from the front and back ends of each coil. 
Except for early experiments which were intended to 
determine whether any particular ratio of front 
to back tensions produced wire with unusual pro- 
perties, for the purposes of comparison, the experi- 
ments were staged in pairs, one with back pull as 
large as practicable, the other with back pull as 
small as possible.* 


THE EXPERIMENTAL PLANT 


The machine used in the experiments was the 
4-hole, heavy-gauge prototype model of the Path- 
finder, a capstan machine of novel design (Fig. 1) 
In this machine the wire passes directly from one 





Fig. 1—The Pathfinder machine 


capstan through the following die on to the next 
capstan, with about a dozen laps of wire wrapped 
tightly round each. The capstans and the dies are 
water-cooled ; a strong blast of air also cools the 
wire on the capstans. Each capstan is driven through 
a worm gear by a virtually independently excited 
D.C. variable-speed motor. Two inching speeds are 
provided for threading-up and for adjustment of 
controls. From these the machine is accelerated by 
automatic step-wise cut-out of resistances in the 
armature circuit to a ‘ basic’ running speed. _—‘ This 
speed is normally in the region of 400 ft./min. on 
the finishing capstan, but varies between 250 and 
650 ft./min. according to material, drafting, and 
back pull. It may be further increased by joint 
motor field-control up to a maximum of 1600 ft./min., 





* It would have been preferable, for the sake of 
comparison, to run the second test of each pair entirely 
without back pull. The experimental machine, however, 
operates satisfactorily only when some back pull is 
present. 
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or until any one motor exceeds 1900 r.p.m., when the 
machine is automatically brought to a stop. 

Once the machine is threaded-up, the capstans are 
automatically kept in step by the tensions in the 
wire and by an electric linkage of the motor arma- 
tures. The wire must be kept sufficiently taut to 
ensure full capstan effect and to prevent the upper 
laps on the capstan from falling to the bottom, and 
thus interfering with the wire that is being drawn from 
the preceding dies on to the capstan. The tension 
may be further increased by motor field-control until 
in the end the wire ruptures. 

The machine was designed for production and not 
for research, and this imposed several limitations on 
the scope of the experiments. Wire could not be 
drawn entirely without back pull; again, in some 
instances, the limit of field adjustment was reached 
and yet the back pull applied thereby was still below 
the maximum that the wire would withstand. Occa- 
sionally, the ‘basic’ speed was higher than the 





aay a 


Fig. 2—Control and instrument panel 


desired drawing speed ; whilst in one instance, when 
the drafting was exceptionally light, the machine 
would not run faster than about 1150 ft./min. Finally, 
single-holing on the last capstan was not practicable. 

The control panel (Fig. 2) was fitted with ammeters 
and voltmeters for measuring the motor armature 
inputs and the motor field-currents, an electric 
speedometer indicating the peripheral speed of the 
finishing capstan (customarily referred to as the 
machine speed), and die-load indicators. In addition 
to these instruments, an ammeter and a voltmeter, 
mounted on the rectifier panel, indicated the rectifier 
output, and a kWh. meter was inserted into the 
A.C. mains. The rectifier supplied power to the 
motors and to auxiliary circuits, such as warning 
lights. The mains meter measured the power con- 
sumption of the entire plant, which comprised the 
machine, the rectifier, and an A.C. motort driving the 
fan for block and motor cooling. 





+ This motor consumed 9 kW. 
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The principle of the die-load measurement is illus- 
trated in Fig. 3. The statimeters, which are 
hydraulic pressure gauges, were repeatedly calibrated 
both directly and in situ, i.e., by applying a force to 
the die box. The calibration tests indicated that, 
except at the extremes of their ranges, the stati- 
meters were accurate to within 5%. No instrument 
for measuring the tensions in the wire was available. 
Since, however, earlier work indicated that the 
possible advantages of back pull would stem from the 
changes in die load associated with it, the measure- 
ment of back pull was not considered essential for the 
fulfilment of the objects of the investigation. Back 
pull was assessed qualitatively by comparing the die 
load during drawing, F', with the load during thread- 
up, F, (when the wire was fed freely into the die 
and no back pull was present), and also with the die 
load, Fiyin., associated with breaking back pull, 7.e., 
the back pull that caused rupture of the drawn wire. 

In the last series of experiments, concerned with 
the high-speed drawing of rope wire, the temperature 
of the cooling water was measured at the exit from 

Swivel 
~ pin 








Die 























SLAY 


7 


Statimeter To load indicator 


Fig. 3--Schematic arrangement of die stand with 
Statimeter 


the No. 4 die cooling box by means of a ‘resistance 
thermometer.* 


Dies, Materials, and Testing Methods 

Tungsten carbide dies were used throughout. The 
die angles were chosen according to good general 
practice, and varied with reduction and material, 
ranging from 9° for some light reductions to 15° 
for exceptionally heavy reductions. All dies were 
made without a parallel sizing portion, but the 
reduction and relief cones were merged by means 
of a small radius. The absence of parallel postions 
was checked by Zelex casts. The die angles were 
obtained from shadow projections of partly drawn 
wires. The dies used in the die wear experiments 
were examined on the B.I.S.R.A. profilometer.{ 

The drawn wire was returned to the suppliers as 
a finished product or for further processing, with only 
a small proportion consigned to scrap. Each series 
of experiments was conducted on material prepared 
from one cast only, so as to ensure reasonable uni- 
formity of composition. The material was rolled 
and heat-treated according to the normal procedure 





* Constructed and calibrated by Mr. A. L. M. Douglas. 
of the Mechanical Working Division’s Instrument 
Section. 

+ J. G. Wistreich, Journal of The Iron and Steel 
Institute, 1948, vol. 158, p. 496; The Wire Industry, 
1948, vol. 15, p. 253. 

t R. M. J. Withers, Journal of The Iron and Steel 
Institute, 1950, vol. 164. In the press. 
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adopted by the supplying firm, and was prepared for 
drawing by pickling in HCl, allowing it to develop a 
sull coat, and liming. Small quantities of material 
at a time were delivered to the machine to avoid 
deterioration by storage. The heating of the shop 
in which the machine and this material were located 
was thermostatically controlled, and, on the whole, 
no trouble was experienced from rusting. Through- 
out the investigation powdered soap was used as 
lubricant. It was always introduced in the first and 
second holes ; in the die wear experiments the third 
hole was soaped as well. 

In accordance with normal industrial procedure, 
each coil was tested for mechanical properties by 
taking specimens from the front and back ends. 
Apart from occasional snap tests, all material was 
tested on the seventh day after drawing. Some of it 
was re-tested 10 or 12 months later. The following 
were recorded : 

(a) Ultimate tensile stress (U.T.S.) ; (6) percentage 
total elongation on a 2-in. gauge length (El. 2) ; 
(c) percentage reduction in area (R. in A.); (d) 
number of bends in the reversed bend test over 
5- or 10-mm.-radius rolls (B.N. 5 or B.N. 10); and 
(e) number of twists in the torsion test on a 100 dia. 
length (T.N.). 


DETAILS OF THE INVESTIGATION 


MECHANICAL PROPERTIES OF WIRE DRAWN 
WITH BACK PULL 


To find whether back pull directly affects the 
mechanical properties of wire, experiments were per- 
formed at low speeds to avoid appreciable changes 
in the drawing temperatures. Various degrees of 
back pull were applied in the finishing pass, and 
samples of the drawn wire were submitted to standard 
tests. The results were analysed statistically to 
separate the effects of variations in the material from 
those associated with changes in back pull. 


High Carbon Steel 

In the first series of experiments, high-carbon 
patented wire was drawn with a constant drafting, 
and with three degrees of back pull in the finishing 
hole. The experiments for each degree of back pull 
were repeated several times. Approximately 20 lb. 
of wire were drawn in each experiment, the die load 
remaining steady throughout the operation. In 
addition, two experiments were made in which the 
back pull was gradually increased until the wire 
broke. To achieve the low speeds desired, the machine 
had to be set for inching. Unfortunately, the actual 
inching speed varied with drafting and with back 
pull. The wire, however, emerged from the die cool 
to the touch, and it is therefore presumed that the 
drawing temperature did not vary sufficiently to 
modify the properties of the wire. 


Details of Experiments—The tests were made on acid 
steel, having 0-85% of C, 0-65% of Mn, 0-17% of Si, 
0-34% of S, 0-41% of P, 0-69% of Cr, and a trace 
of Ni, in the form of lead-patented rod of 2 S.W.G. 
drawn 3 holes to 0-202 in. by the suppliers, and then 
drawn on the Pathfinder 25, 25, 25, and 20% 
to 0-116-0-117 in., finishing at 120-125 tons/sq. in. 
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Table I 
EFFECT OF BACK PULL ON THE PROPERTIES OF HIGH-CARBON STEEL WIRE 
Back Pull Light Medium Heavy Breaking 
F!Fo, % 86-90 59-61 37-39 31 27 
Speed, ft./min. 215-225 180 -200 110-135 70 80 
No. of expts. 8 4 4 1 1 
*U.T.S., 7 days 122-3 + 1-7 121-6 + 2-3 125-1 +2-0 120.7 126-9 
tons/sq.in.1 year 122-5+ 1-6 122-6 + 2-6 123.2 + 1-6 ¥ 
: 7 days 53-1+ 1-4 52-8 + 1-6 §2-1+41-7 49-8 45-6 
*R. in A.% 1 year 51.7 + 2-2 49.7 42-1 49-1 + 2-9 
oR). 2° 7 days 4940-4 5-6 + 0-3 4.940.7 4-0 4-0 
akg 1 year 7-2+0-4 6:9+0-3 7-140-5 : 
*T.N. on 7 days 32+0 33 +1 321 33 33 
100 dia. 1 year 33 +2 3442 36 +3 ; 
Dia., in. 0.1165 0-1160 0.1155 0-1150 0-1145 





























* The figures in the first three columns represent the mean values and standard deviations, allowance being made in the computation 


of the latter for duplicate specimens for each test (4-fold specimens for the 7-day torsion test, 6-fold for the one- year torsion test). The 


figures in the last two rows are averages of two samples. 


ultimate tensile strength. Approx. 20 Ib. of wire 
were drawn for each test with three degrees of 
back pull applied in the last hole (20°, reduction 
through 12° included angle, ‘no-parallel’ die). 
Samples were taken near both ends of each 20-Ib. 
parcel, and mechanical tests were made on the 
seventh day after drawing, and one year later. In 
the ‘ breaking back-pull’ experiments, one sample 
was taken six laps before the break and another one 
lap before the break, the die load remaining steady 
throughout. 

The results of the mechanical tests, given as aver- 
ages and standard deviations, are summarized in 
Table I. The figures for the torsion test are rounded 
off to the nearest whole number, in accordance with 
standard practice. 

The results of tests on wire drawn with medium and 
heavy back pull were each compared with those for the 
light back pull by means of the statistical ‘ student’s 


t test.’ In each instance this was found to be not 
significant. Thus, changing back pull from light to 


heavy had no significant effect on the mechanical 
properties of the wire. At the same time, attention 
must be drawn to the comparatively low R. in A. 
and El. 2 figures obtained under breaking back-pull, 
and to the considerable decrease of wire diameter. 


Mild Steel 

The second series consisted of two groups ot experi- 
ments. In group A the total reduction from annealed 
base up to the finishing hole was 43% ; in group B it 
was 74°%,. In each group the reduction in the finishing 


hole was varied from approximately 17 to 40%, and 
two of the reductions were repeated with different 
die angles. For each reduction, four or five degrees 
of back pull were tried, including breaking back pull. 
Approximately 50 lb. of wire were drawn for each 
degree of back pull. 

Details of Experiments—The tests were made on rim- 
ming steel with 0-08 to 0-10% of C, 0°35 to 0-45°/ 
of Mn, trace of Si, 0-040°% of S, and 0:040% of P. 
Rod of 3 8.W.G. drawn to 5 8.W.G. and normalized 
at 1000° C., was drawn 4 holes at 200 ft./min. approx., 
the first three holes with minimal back pull and the 
last hole with various degrees of back pull. Duplicate 
samples were taken near the ends of each 50-Ib. parcel 
and tested on the seventh day after drawing, and 
ten months later. The results are plotted in Fig. 
4a, b, c, and d. 

The data for the reduction in area in the tensile 
test were subjected to the statistical analysis of 
variance. This analysis gives the significance 
of varying degrees of back pull in relation to material 
variability, the results are summarized in Table II. 
None of the fully aged specimens showed any signi- 
ficant variation of the reduction in area with back 
pull (the 20% level is not considered sufficient 
evidence of a significant effect). On the other 
hand, five out of the ten seventh-day tests showed 
a significant variation, and three of these were 
highly significant (1% level), ¢.e., they suggested 
some relation between back pull and the reduction 
in area. The significance of this apparent relation 
was tested by calculating the correlation coefficients. 


Table II , 
EFFECT OF BACK PULL ON THE PROPERTIES OF MILD STEEL WIRE 
Group A—Light Drawn (43%) 


Group B—Hard Drawn (74°) 
































Reduction in 4th Hole, % 17 27 33 40 17 27 33 33 40 40 
Die Angle, degrees 10 12 11 14 11} 11} 12 16 14 16 
7 days 20 N.S. 1* 1 N.S. 5 1 
Significance ° : 7 -” 
0 
Level, % 10 months| N.S. N.S. 20 20 N.S. N.S. N.S. 20 N.S. N.S. 


























* Significance level of coefficient of correlation between R. in A. and die load is between 5 and 2°%,, in this case only (see p. 321). 


N.S., the result is not significant at the 20°, level. 
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F/ 6%, 
(6) After 10 months 


Fig. 4—Effect of back pull on the 
reduction prior to test 43°. 


70 
F/F., Io 


(d) After 10 months 


properties of mild steel wire. (a) and (6) Group A, light-drawn, total 
(c) and (d) Group B, hard-drawn, total reduction prior to test 74%. The 








arrows indicate breaking back pull. 
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Table III 
EFFECT OF BACK PULL ON POWER (MILD STEEL WIRE) 
Base U.T.S., Product U.T.S., Die Load | 
Tons/sq. in. Pro- Tons/sq. in. Ratios, F/F,, %, Total 
No. of | Base duct Armature ay 
Back Pull Coils | Dia., Dia., Input, we 
Drawn in. in. Die No. | Die No. | Die No. kW. 
F B F B 2 3 4 
} 
Light, All Holes 3 0-209 | 25:8 27-1 0-105 | 49-8 50-2 87-89 86-88 72-81 37:3 + 0-6 51-3106 
+0:9 +2-6 +0-4 +0:3 
Heavy, All But 
Ist Hole 3 0-208 25-2 25-5 0:104 | 49-8 49-9 58-60 | 48-50) 53-55 36:0+1-0 50-7 +2-1 
+0-4 +0°5 +2-0 +1-6 | 
| 









































The power and ultimate tensile stress data are the means and standard deviations of three results. 


F, front end of coil, B, back end of coil. 


These were found to be insignificant, except for one 
(Group A, 33%, 11°, denoted by an asterisk in 
Table IT). 

The experiments on both high-carbon and mild- 
steel wire suggest that back pull has no appreciable 
effect on the mechanical properties of wire as mea- 
sured by standard tests. Although in some instances 
a lower percentage reduction in area in the tensile 
test seemed to be associated with back pull, there was 
certainly no evidence of the remarkable drop in 
R. in A. (from 48 to 9°) reported in 1932 by F. C. 
Lea.* In any case, this effect disappeared in time. 


Wire Diameter 


It will be noted from Table I that the diameter of 
the drawn wire decreases with increasing back pull. 
This has already been observed by Lueg and Pomp,t 
who ascribed it to elastic changes in the wire and die 
resulting from the effect of back pull on the stress 
system in the deformation zone. In the course of the 
present investigations, far greater changes in wire 
diameter were observed than could conceivably be 
ascribed to elastic effects, e.g., in one test on mild 
steel the diameter was reduced 5% by heavy back 
pull. It was also observed that, even with a constant 
back pull (as evidenced by a steady die load), the 
diameter varied along the wire by up to 2%. This 
appreciable change in wire diameter, associated with 
extreme back pull, is akin, it is suggested, to the 
‘sucking-down’ phenomenon encountered in con- 
ventional drawing when the drawing stress closely 
approaches the ultimate tensile stress of the drawn 
wire. It was estimated that when these appreciable 


diameter changes occurred, the drawing stress 
exceeded 80°, of the ultimate tensile stress. 


THE EFFECT OF BACK PULL ON POWER 

The author has reviewed{ the argument that the 
net drawing power can be reduced, if back pull does 
useful work. In the Pathfinder machine back pull 
helps to turn the preceding block, taking some load 
off the motor, so that all the back-pull energy is 
recovered. This case is described by equation (13) 
in the paper referred to. The equation demonstrates 
that the net drawing power drops with increasing 
back pull, though at a smaller rate than the die load. 
The ‘gross’ power of the plant must, however, 
overcome losses in the motors and in the transmission, 
over and above the ‘net’ power required to draw 
the material. The question, therefore, as to whether 
power will be saved by back pull depends also on the 
design of the power plant. 

The ‘ gross’ power was measured in most experi- 
ments. Some of these measurements are quoted in 
Tables III and IV. Table III refers to mild-steel 
5-S.W.G. wire, and Table IV to patented 3-S8.W.G. 
wire, viz., rod. The mild steel was found to be of 
greatest uniformity, both in size and quality. The 
patented steel was reasonably uniform. The differ- 
ence between the ‘overall’ power and ‘total armature 





* Cf. J. G. Wistreich, Journal of The Iron and Steel 
Institute, 1947, vol. 157, p. 417, Fig. 7. The original 
report contains no information about the number of 
specimens tested. 

+ W. Lueg and A. Pomp, Stahl und Eisen, 1943, 
vol. 63, p. 229. 


t J. G. Wistreich, 1947, loc. cit. 











Table IV 
EFFECT OF BACK PULL ON POWER (ROPE WIRE) 
Die Load Ratios, F/Fp, °% Armature Inputs, kW.+ 
5 Total Arma- Overall 
oP ae Back Pull pot ture Input, Power, 
Die No. 2 | Die No. 3| Die No.4] No.1 | No.2 | No.3 | No.4 kW. kW. 
(a) Rod | Light All Holes 7 79-86 75-86 67*-79 21-3 25:3 25-7 28:3 100-7 + 2-5 120-0 + 3-6 
Heavy on Last 2 
Holes 5 73-85 55-60 53-60 22:1 13-3 25-1 40:8 101-:444-0 119-8 +49 
(b) Wire | Light All Holes 6 79-84 77-81 t 19-1 25-2 26:3 30-1 99:-3+2-9 119-6 43-1 
Heavy on Last 2 
Holes 7 70-78 56-58 57-60 15-4 16:0 27:9 35-7 94:-94+2:2 111-242-1 















































* One low meter reading ; range of 5 results is 77-79. 


+ Average figures. 


¢ Meter out of order, wire kept as slack as possible. 


NOVEMBER, 1949 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
¥F 








322 


input’ is consumed by the motor fields, the fan 
(9 kW.), and minor auxiliary circuits. 


Details of Experiments—In Table III the materia] 
tested was rimming steel of the same composition as 
in Table II, and was drawn 29, 30, 29, and 29% at 700 
ft./min., through 12° included-angle ‘no-parallel’ dies. 
In Table IV, the material tested was medium-carbon 
acid steel with 0-62% of C, 0-27% of Si, 0-61% of 8, 
0-39% of P, and 0-80% of Mn, air-patented, cleaned 
in HCl, and sull and lime coated. Sample (a) was rod 
of 3 8.W.G. with drawn nominal reduction of 34, 26, 
27, and 24%, and actual reduction 73-6% (standard 
deviation + 1-0); (b) was rod of 2 S.W.G. drawn 
to 3 S.W.G. before patenting, etc., with drawn 
nominal reduction 29, 27, 27, and 24%, and an actual 
total reduction of 71 -0°% (standard deviation + 0-7). 
The speed was 800-810 ft./min. 


Results of Experiments 

The results reveal no appreciable saving in power,* 
but confirm that back pull has the effect of transfer- 
ring much of the load from the first to the fourth 
motor. For example, in the patented-steel experi- 
ments the fourth motor consumed almost twice as 
much as the first motor (cf. Table IV), and in the 
mild-steel experiments the corresponding loads 
differed by a factor of four. This great difference in 
loads no doubt explains why, in spite of complete 
recovery of back-pull energy, there is so little 
difference in the ‘ gross’ power consumption. The 
motors are identical and it is inconceivable that 
they should work with the same efficiency over 
such a wide range of loads, but it is reasonable to 
conclude that much of the energy which might 
have been saved by back pull was wasted in 
increased electrical losses. Admittedly the pos- 
sibilities of back pull and of the machine were 
not fully explored. In the mild-steel experiments 
the machine ran at only one quarter of its rated 
capacity, so that the motors probably operated on 
the steep part of the efficiency curve, and in the 
experiments on patented steel heavy back pull was 
not applied in the second pass. Nevertheless, it 
may be concluded that the actual amount of power 
saved through back pull is markedly dependent on 
the performance characteristics of the power plant 
and, as far as can be seen, is not likely to be 
substantial. 


EFFECT OF BACK PULL ON DIE WEAR 
‘ Die wear ’ is a generic term which covers a number 
of distinct phenomena. The two most important 
are (i) ‘ringing,’ a form of radial grooving near to 
where the incoming wire strikes the die wall, and 
(ii) ‘ opening up,’ the enlargement of the sizing dia- 
meter. Ringing often gives rise to longitudinal 
grooves which mark the wire, and may also be 
inimical to good lubrication. ‘ Opening-up’ rarely 
proceeds at a uniform rate, and the sizing portion 

occasionally wears oval. ; 
The die is taken out for servicing either when the 
sizing diameter exceeds a given tolerance, or because 
the wire is marked, or oval in shape. In some 





* This confirms the opinion expressed earlier by 
Lueg and Pomp, 1943, loc. cit. 
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instances the ring depth is the criterion, for it may 
determine the amount of repolishing necessary for 
further service. Moreover, the decision to repolish 
a die also depends on economic considerations, such 
as the size of die stocks, die maintenance costs, and 
the cost of machine stoppages for die replacement. 
The interpretation of die-wear experiments is there- 
fore fraught with difficulties. Die wear also depends 
on how effectively the wire is cleaned and limed. 
Neither process is, as yet, closely controlled in indus- 
trial practice, and considerable variations are likely 
between one cleaning load and another. The degree 
of uniformity of the composition and structure of dies 
is likewise uncertain, there being no standards of 
quality. In view of these variations a comprehensive 
statistical survey, carried out over a fairly long period 
of time, is desirable. 

The experiments described below were designed on 
a statistical basis, but shortage of time restricted their 
number, so that they cannot be regarded as con- 
clusive. The results, nevertheless, have important 
practical implications. In short, dies which had 
drawn wire with light and heavy back pull, were 
compared with regard to their performances. 
Apart from back pull, the effect of changing from 
a rod base to a wire base was also studied. For 
the criterion of wear, the average rate of enlarge- 
ment of sizing diameter (in terms of length of wire 
drawn) was selected. The profiles of the worn dies 
were also examined. 


Details of Experiments—A 40-ton cast of medium- 
carbon steel with 0-62% of C, 0-80% of Mn, 
0-27% of Si, 0-061% of S, and 0-039% of P, 
was split in two, 20 tons being rolled to 3 8.W.G., 
and the rest being rolled to 2 S.W.G. and drawn 
to 3 S.W.G. All material was air-patented at 3 
S.W.G., and then cleaned, sull coated, and limed, 
9 coils at a time. The material was drawn on the 
Pathfinder, in four 10-ton batches, from 3 S.W.G. to 
94 S.W.G., and with 28, 27, 28, and 24% nominal 
reduction in consecutive passes, with a new train of 
dies for each batch. The heaviest back pull practic- 
able was applied in the third and fourth holes to 
one batch of wire and one batch of rod. The re- 
maining two batches were drawn with the lightest 
possible back pull in these holes. In the second 
hole, back pull was kept to a minimum throughout 
the experiments. The increase of back pull in the 
third and fourth holes had the effect of reducing 
each corresponding die load by approx. 28%. The 
drawing speed varied between 800 and 830 ft./min. 
All holes, except the finishing one, were soaped. 
The soap boxes were cleaned and filled with fresh 
soap for each new train of dies. 

All dies were of one grade and profile: 6° Co, 
uniform tungsten carbide grain (average size 2u), 
with 11° included bearing angle and 90° included relief 
angle, no parallel (except in two roughing dies). The 
profile was chosen so as to ensure appreciable wear 
of the sizing portion. One finishing die cracked 
after 36 coils, and the spare die after 14 coils. The 
time available did not allow waiting for a new die, 
and the run was completed on a partly worn die. 
Only the first of these three dies was considered in 
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Table V 
DIE WEAR EXPERIMENTS 





























Hole No. 2 | No. 3 | No. 4 

Back Pull Light Light | Heavy | Light | Heavy 

Material Rod Wire Rod | Wire Rod | Wire | Rod | Wire Rod | Wire 

Die No. 2A 2B 2c | 2D | 30R | 30W 3XR | 3xXWw | 40OR | 40W | 4XR | 4xXW 

| 

Die Load, Ib.* 1810 1715 1770 1505 1375 1360 980 970 920 — 660 680 
+10 +20 +15 +20 +50 +20 +20 +10 +115 $ +55 +10 

Wear Ratet 2-69 2-55 5-39 4:13 2-13 3-52 16 1-56 1-56 2:76 1-81 2-31 














* Mean + standard deviation. 


+ Regression coefficients expressed in 10—* in. increase of average sizing dia. per 10* yd. of wire drawn. 
¢{ Statimeter out of order ; wire kept as slack as in experiment on rod. 


the analysis of the experiments. The profiles of the 
new dies were measured on the B.I.8.R.A. profilo- 
meter, further profile measurements being made 
after every 18 coils of wire (2 tons approx.). The 
sizing diameters in the vertical and horizontal planes, 
relative to the machine, were measured at the same 
time. After each measurement the dies were replaced 
in the die boxes, care being taken to see that they 
occupied the same positions relative to the vertical. 
The die stands remained undisturbed throughout the 
experiments. 

The results of the experiments are summarized in 
Table V. 

The profiles of two dies, when new and when 
worn, are shown in Figs. 5 and 6 ; the unshaded lines 
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Fig. 5—Profiles of die 30W (light back pull) 
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represent the unworn profiles, the shaded lines the 
worn ones. In Fig. 7*, the average sizing diameters 
of eight dies are plotted against the length of wire 
drawn. Examination of the complete die profiles, 
of which those shown in Figs. 5 and 6 are typical 
examples, revealed no perceptible effect of back pull 
on ringing. Figure 7 shows that whereas in the 
third hole the reduction in the die load was accom- 
panied by a reduction in the rate of wear, this was 
not so in the finishing hole. 
Statistical Interpretation of Results 

The results, which are presented in summarized 





* The straight lines in Fig. 7 are regression lines, 
and the broken intercepts at the end of each regression 
confidence limits. 
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Fig. €—Profiles of die 3XW (heavy back pull) 
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Fig. 7—Effect of back pull on die wear (see Table V 
for explanation of die symbols) 





form in Table V,* were amenable to statistical analysis. 
This bears witness to the shortcomings of the investi- 
gation alluded to previously, as it discloses significant 
interactions which can be satisfactorily resolved only 
by a repetition of the experiment, or by an expansion 
of the factorial design. The analysis is summarized 
below : 
Analysis of Variance of Regression Coefficients 

A. Dies No. 2 


Source of Variance D.F. M.S. 
Between Rod and Wire 2 4-580 
Between Replications l 0-402 


B. Dies Nos. 3 and 4 


Source of Variance D.F. M.S. 
Die Load (F') 1 1-218 
Rod/Wire (S) I 1 -523 
3rd /4th Hole (P) 1 0-001 
Interaction F x S I 0-364 
yr xX? | 0-946 

re Ser l 0-001 
Residual (F x S x P) 1 0-010 
Total 7 (4-063 = S.S.) 

Analysis of Co- Variance 
C. Dies Nos. 3 and 4 
D.F. S.S. M.S. 

Total 32 42,070 
Classes 25 12,888 515-5 
Difference 7 29,182 4168 -9 


The statistical analysis is interpreted as follows : 


(1) Analysis A suggests that the change in experi- 
mental conditions—particularly in lubrication, caused 
by substituting limed wire for limed rod—has an effect 
on the rate of wear of No. 2 dies far outweighing that 
of uncontrolled variables (such as the quality of the 
die material). 

(2) Analysis B confirms this with respect to the 
No. 3 and No. 4 dies. 

(8) From analysis B it appears that the lowering 
of the rate of wear with increased back pull of four 
out of eight dies is not a coincidence, although it is 
less important than that associated with the change 
from wire to rod. Back pull also affects the relation 
between wire surface and the rate of wear (F x S). 
Finally, although the rate of wear is substantially the 
same for the third and fourth holes (P), the effect of 
back pull on the rates of wear is not, being pronounced 
in the third, and absent in the fourth hole (F' x P). 

(4) Analysis C, carried out as a check, confirms 
that the differences in rates of wear between the 
individual dies are not fortuitous. 





* The author gratefully acknowledges advice given 
by Mr. R. T. Eddison, of the B.I.S.R.A. Operational 
Research Section, who also very kindly checked and 
commented on analysis B, and carried out the analysis 
of co-variance, C. 
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Concerning the observations in (1) and (2), it is of 
great interest to note that although the rate of wear 
for wire drawn from the wire base is, throughout, 
greater than for wire drawn from the rod base, the 
die load is, if anything, smaller. 

If the limitations of the experiment are remem- 
bered, it is justifiable to conclude from the statistical 
analysis that back pull has some beneficial effect on 


die life. This effect, however, does not always show 
itself. At the same time, there is strong evidence 


that the wire surface and state of lubrication play at 
least as important a part as the die load? in deter- 
mining the rate of wear. 


HIGH-SPEED DRAWING OF ROPE WIRE 
Rope wire is classified according to its ultimate 
tensile stress. Its quality is ascertained in the 
torsion and reversed bend tests, which are believed 
to give an indication of the ductility and endurance 


of the wire. In this country, the torsion test is 
preferred. It consists of twisting a length of wire 


until it breaks. The number of twists is counted 
for the purpose of the specification, but the appear- 
ance of the break and the manner of twisting are 
also considered in assessing the quality of the wire. 

Overheating of the wire in the drawing process by 
too heavy a reduction per pass or too great a speed, 
or through inadequate cooling, increases the ultimate 
tensile stress and lowers the number of torsions. In 
extreme instances, poor quality wire twists non- 
uniformly, splits helically, or the break is imme- 
diately followed by another, inducing the free portion 
of the specimen to fly. The remedy is sought in 
ample cooling, light drafting, and slow drawing. 

Since, other things being equal, the drawing 
temperature is a function of the product of speed 
and die load, back pull offers an obvious method for 
increasing the drawing speed without raising the 
temperature. Considerable time was devoted to the 
investigation of this proposition, but it transpired 
that problems well outside the sphere of back-pull 
drawing were involved. Nevertheless, the experi- 
ments foreshadow considerable advances in the 
methods for producing high-tensile steel wire, and 
therefore are recounted in some detail, even though 
their contribution to the problem of  back-pull 
drawing is small. 
Plan of Experiments 

It was proposed to ascertain the highest speed at 
which wire of the requisite quality could be pro- 
duced, first without the assistance of back pull, and 
then with the heaviest back pull practicable. Next, 
it was intended to alter the drafting by reducing 
the number of passes, and to find the highest 
speed. It was appreciated that several coils would 
have to be drawn in each experiment in order 
to obviate chance results due to variability of 
material ; also that it would be necessary to run the 





+ The seemingly paradoxical result that an ill-shaped 
rod base gives better die life than a smooth wire base 
is in accord with general experience. It is probably 
because the surface irregularities of rod retain soap more 
readily, thus leading to better lubrication in subsequent 
passes. 
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machine with stopping periods as short as possible, 
for a fair comparison with normal mill practice. 

In all experiments, the front end of each coil 
was drawn fairly slowly (as the machine accelerated 
from start) and with little back pull. The back 
ends and welds were drawn at full speed and with 
the desired back pull ; the machine was then stopped 
for stripping the coil. Tests on the front ends should, 
in these circumstances, indicate whether the material 
and drafting were satisfactory ; the back ends, on 
the other hand, should show, by comparison with the 
front ends, the effect of the speed and back pull on 
the quality of the product. The speed would be 
considered too fast if the front-end tests satisfied 
the specification for the product and the back-end tests 
did not, particularly if the back ends gave appreciably 
higher figures for the ultimate tensile stress and lower 
ones for the torsion test. At first, a few coils were 
drawn singly and snap-tested, to give a rough guide 
to the maximum speed ; then about half-a-dozen coils 
were drawn in one run at the selected speed. 

This plan was upset by several difficulties. In 
one instance the top speed of the machine was 
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Fig. 8—Temperature of cooling water for No. 4 die 
box during drawing at 600 ft. min. 


reached before the wire showed any signs of being 
overheated ; in another, the * basic’ speed of the 
machine was more than that likely to be the fastest 
from the point of view of wire quality. Some of the 
material was of inferior quality or even totally 
unsuitable, because of impurities in the steel. 
On more than one occasion, with the quantity of 
material of a given grade being limited, a group of 
experiments fell short of its aim because of unforeseen 
stoppages in the middle of a six-coil run. Finally, 
the torsion test was found to be a most unsatisfactory 
criterion of ‘ overspeeding ’; good torsions would be 
encountered at both very low and very high speeds, 
but at intermediate speeds they would be highly 
erratic or very bad. 
Effect of Back Pull on Temperature 

An attempt was made to supplement, by tempera- 
ture measurements, the property tests as criteria of 
overheating. As no means of measuring the wire 
temperature was readily available,* the temperature 
of the die-cooling water was measured. A resistance 
thermometer, accurate to within +0-2°C., was 
inserted into the outlet from No. 4 die box, which 





* Hichinger and Lueg’s technique of clamping a 
thermocouple to the wire as it left the die was imprac- 
ticable, due to the high speeds. <A. Eichinger and 
W. Lueg, Mitteilungen aus dem Kaiser-Wilhelm Institut 


fiir Pisenforschung, 1941, vol. 23, No. 2. 
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was fed with cooling water direct from the main 
supply pipe. In preliminary tests, the temperature 
was read at frequent intervals throughout the course 
of drawing; in later tests, the temperature was 
measured only when starting and when it had reached 
its steady upper value. 

Some typical records of the preliminary tests are 
shown in Figs. 8 and 9. These indicate that although, 
owing to shop limitations, the operations of stripping 
the load and restarting took longer than they would 
in a mill designed for production, the temperature 
rose and fell so quickly that the die-temperature 
cycle could be regarded as fully representative of 
industrial conditions. They also indicate that the 
total temperature rise for a given speed was less 
with heavy back pull, and that, for the material 
and drafting used in the preliminary tests, heavy 
back pull enabled the speed to be raised by one-third 
without a further temperature rise. 


Details of Experiments—All the material used in 
these experiments had to be drawn more than 
four passes to conform with the specifications ; the 
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Fig. 9—Temperature of cooling water for No. 4 die 
box during drawing at 800 ft.,min. 


experiments were, of necessity, confined to the last 
four holes, and back pull could only be applied in 
the last three. Three grades of material were drawn 
without mishaps. First the makers’ normal drafting 
was followed; then heavier draftings were tried 
for two of the three materials. Data of the most 
important experiments are presented, in summary 
form, in Tables VI-VIII. 

Air-Patented Steels—The ‘ 80 carbon ’ air-patented 
material used in the first group of experiments is 
normally single-holed eight passes at between 120 
and 200 ft./min. The material used for these tests 
was acid steel with 0:78% of C, 0-50% of Mn, 
0-168°% of Si, 0-039 of S, and 0-042% of P. Rod of 
14S.W.G. was air-patented, and drawn to a specifica- 
tion: 0-110 in. dia., 110-120 tons/sq. in. ultimate ten- 
sile stress, and not less than 34 torsion number on 100 
< dia. Drafting A was four single-holed passes to 0-172 
in., and then on the Pathfinder with 20-5, 19-8, 20-0, 
and 20-0%, and dies 8-9°, 9-3°, 8-8°, and 10°8° 
included angle. Drafting B was three single-holed 
passes to 0-202 in., and then on the Pathfinder with 
25-5, 27-1, 25-6, and 27-2%, and dies 8-6°, 10-6°, 
10-5°, and 10-0° included angle. Drafting C was 
four single-holed passes to 0-184 in. and then on the 
Pathfinder with 24-5, 23-5, 23-0, and 21-5, and 
dies 8-4°, 9-3°, 9-3°, and 9°3° included angle. It 
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was soon discovered that with the back pull as light 











































































































as possible the Pathfinder’s top speed for this drafting ; ee AIR ne SSN DNR BI 
(approx. 20% per pass) was reached before the snap- z AAA ais Rea | HH) HH | as 
tested specimens indicated any adverse effect of ° ait his baat bed a 
speed. Even at this top speed the wire was cool .. A ee jm re BT Py ee g 
on the finishing block, thus giving the impression 733 a a ee 
that a still higher speed would not be detrimental = yan dak (ett gad tel ed OE 
to the quality of the wire. Results of two continuous Ed eae 3 
runs at speeds approaching the machine’s limit re | = fea teste Lae joo las i 
are set out in Table VI, under Drafting A. They & | $2 | Sojeclas oe jaa joe 3 
show that the finished product was of excellent ae 4/29/9195 139123 5 
quality, giving torsion numbers well above the mini- 3 fesiniil £ 
mum required by the specification, but a somewhat z OM | Sw | ow | OR | eH | om re 
low ultimate tensile stress. Since the quality of the “a oF 95191991991 29199 . 
drawn wire was satisfactory and the speed could not a oS icales los jer iss 1 g 
be raised further, heavy back-pull drawing was not eed ees | 2 
attempted. ae jae lee lag ie g 

Subsequently, heavier draftings were tried on the awe 7 =" a re 25, == S 
same material. Table VI contains, under Drafting HS | asi ne los lyn |ee je rl 
B, results of experiments in which the material was ~ pfs | ss jesse jesjiseiss | s 
drawn seven holes instead of eight. Preliminary 5 | : 
tests on single coils indicated 700 ft./min. as the . ne lore on |majon | woes s 
most probable optimum speed for the lightest possible a : » PSR ASISNISaISS | Ss 
back pull, but subsequent continuous runs, of which 2} ne POMP | Aa jan soles fs 
one is summarized in Table VI, revealed considerable oo m om | me | ce |e 88 | 88 g 
variations in the quality of the product. Drawing Tt he 3 
with heavy back pull was tried next, in the hope a 3 ei mc looleolseleeloo 3 
that it might improve the quality. As can be seen Ads | ast | HH) BH) HH] HH HH) HH TE 
in Table VI, this did not meet with success. The a 3 colnmn|oo!mn | | ow : 
data reveal that from the front to the back of the < = ! 7 = 
coils the ultimate tensile stress did not sensibly rise, - a ee i, ler low nw | eve len 5 
and, indeed, the wire on the finishing block felt cool “--' fee | SHS SS! SR SS Ss 3 
to the touch. The average torsion numbers were, = < seg |] $s les re eelanien | 
however, below the requirements of the specification, © z eke lee = 
the large standard deviations being a measure of ad l l | l B 
their variability ; the twisting was not uniform and 33 te | ta | ty | tee tym item | sg 
the breaks were frequently helical. An intermediate Z ed | S | $ 
drafting was tried next. The wire was drawn eight = ba dees | = 
holes as in the first series of experiments, but with z —— wy : 
a heavier drafting on the Pathfinder (about 23% a) “2% 2 |e |S jw jm jo a 
instead of 20% per pass). The wire was of better 71 298 | | 3 
quality than when drawn seven holes, but bad = ) : ar 
torsions sometimes occurred. Two typical sets of a +e | 35 
results are reproduced in Table VI under Drafting C. ~ $x Po ]t ie (8 ie 13 [eg 

Generally speaking, the experiments do not indi- a | og 
cate that back pull significantly affects the relation of | # 
between speed and quality of the product. At the "5 33 2 5 2 is <2 
same time, they prove that by drawing the material & | 2m bd | ae 
on the Pathfinder instead of on single blocks, greatly 9 = ! af 
increased speeds are practicable. It seems, too, that esas | pad 
the performance of the wire in the torsion test is se | || 18 | 18 |S ¢é 
markedly sensitive to drafting even at low drawing ‘ | | | a 
speeds (cf. front-end tests in Table VI). ] | os 

Lead-Patented Steels—Since doubt existed as to 35 is js P| | 2 Js 
the uniformity of heat-treatment of the air-patented ae S13 i8 lg (3 iz |[8@ 
material, two lead-patented materials were used in 2k 
further experiments. The first of these had to fulfil si by al ta Se 
a somewhat less stringent specification of the torsion BE 33/82/28 133/83 '/88 | -32 
test, but had to meet a stricter reversed bend test. he as jaa/e 4 wag a 
The specification for the second lead-patented mat- | | £8 
erial emphasized the bend test and left considerable 4 | A= 
latitude as regards the torsion test; the actual fe oP @ “en 
numbers of torsions were considered unimportant so A | 














long as they did not drop below, say, 20, but helical 
splitting and flying breaks were undesirable. 
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Through an unfortunate oversight, a 0-33-in. bend 
roll was used instead of the 10-mm. one required 
by the specifications. This was not discovered for 
some months, so the bend test results given in Tables 
VII and VIII are misleading. When the error was 
detected, about 50 specimens of the wire drawn in 
these experiments were re-tested on the 0-33-in. 
roll and on astandard 10-mm. roll. The tests revealed 
that the 10-mm. roll gave bend numbers 30-35°% 
higher than those of the 0-33-in. roll, and, inci- 
dentally, showed that the 5-6 months’ interval made 
no sensible difference to the comparable bend tests. 

Grade 1—One half of the ‘ 80 carbon ’ lead-patented 
material was drawn seven holes in accordance with 
the firm’s normal drafting, the other half was drawn 
six holes. The material was acid steel with 0-82% 
of C, 0-56% of Mn, 0-112% of Si, 0-040°% of S, and 
0-042% of P, in the form of lead-patented rod of 
2 8.W.G. The specification of the finished wire was 
0-121-0-123 in. dia., 110-120 tons/sq. in. ultimate 
tensile stress, not less than 30 torsion number on 100 
dia., and not less than 15 B.N. 10. Drafting A was 
three single-holed passes to 0-186 in., and then on the 
Pathfinder with 18-8, 18-7, 18-7, and 20-0° and dies 
8-8°, 9-3°, 9-2°, and 9-5° included angle; drafting B 
was two single-holed passes to 0-212 in. and then on 
the Pathfinder with 24-6, 24-3, 24-4, and 23-0%. 
The results are given in Table VII. 

The usual practice was to single-hole this material 
at 120 ft./min. Preliminary tests with the lightest 
possible back pull suggested a maximum speed 
between 800 and 1000 ft./min. for Drafting A. 
Subsequent continuous runs were, unfortunately 
spoilt by breaks attributed to ‘ cuppiness’ in some 
of the coils, and there were also difficulties with 
the machine setting when attempting to draw with 
light back pull, so that the minimum and maximum 
back pulls did not differ greatly (cf. die-load ratios and 
average temperature rise in Table VII, Drafting A). 
Allowing for the inappropriate roll, the bend tests 
on the drawn wire were very good ; the torsion tests 
were less satisfactory, and the differences between the 
ultimate tensile stress figures for the front end and 
back end suggest some overheating. 

When the second lot of the above material came 
to be drawn, a difficulty arose ; the lowest ‘ basic’ 
speed of the machine was found to be about 350 
ft./min. for light back pull, and about 650 ft./min. 
for heavy back pull, whereas preliminary single-coil 
tests indicated that both these speeds might lead to 
overheating. Results of continuous runs at these 
speeds are summarized in Table VII under Drafting 
B. They indicate (cf. figures for the temperature 
rise) that by applying heavy back pull the speed 
could be increased by about 300 ft./min. without 
notably increasing the temperature of the die-cooling 
water. In either condition of back pull the figures 
for the ultimate tensile stress showed little sign of the 
wire being overheated. The bend test appeared 
satisfactory, but the performance in the torsion test 
was below the specified requirements. 

Grade 2—The material was basic steel with 0-72° 
of C, 0-57% of Mn, 0-121% of Si, 0:4% of S, and 
0-028% of P, lead-patented rod of 2 S.W.G. The 
drafting was 29-2°% on single-holed block, and thence 
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on the Pathfinder with 26-3, 30-8, 25-0, and 22-7%, 
and dies 9-8°, 9-7°, and 9-6° included angle. Only 
a small quantity of this grade of lead-patented 
material was available. The Pathfinder basic 
speed was well above the makers’ normal speed 
of 325 ft./min. Two continuous runs were made at 
the same speed, one with light, the other with beavy 
back pull. The results are set out in Table VIII. 
They show that a reduced temperature of the die- 
cooling water is accompanied by a smaller difference 
between the front and back ultimate tensile stress 
figures. The torsions were erratic, and a considerable 
proportion of the specimens * flew ’ or split helically. 
If allowance is made for the use of the inappropriate 
roll, the bend tests were reasonably good. 


DISCUSSION OF RESULTS 


In all these experiments the reduction in area 
figures for the wire drawn with heavy back pull were 
appreciably lower. The ‘no back pull’ die loads 


(F.) in these experiments amounted to 40-50°% of 


the maximum tensile load of the drawn wire. From 
this and the equation used for selecting the heavy 
back pull (ef. p. 329), it is estimated that the drawing 
stress approached 90°, and certainly exceeded 80°, 
of the ultimate tensile stress. The latter figure had 
already been observed to mark the onset of a notice- 
able effect of back pullon R. in A. It appears, there- 
fore, that the back pull used in these experiments 
was excessive; this is further supported by the 
untoward incidence of breaks experienced in some 
of the test runs. 

These experiments show that it is much more 
difficult to produce good high-tensile wire than it is 
to make a satisfactory product from, say, mild steel 
or copper. This is because high-carbon steel is more 
difficult to draw, and because of the more exacting 
demands made on its mechanical properties. A 
further difficulty regarding the latter is that the 
relation between drawing conditions and the proper- 
ties of the product is still largely unexplored. For 
instance, it is usually taken for granted in the theory 
of plastic deformation that, other things remaining 
equal, the number of passes in which a given total 
amount of cold work is imparted, does not affect the 
properties of the product. This is not borne out 
by the experiments described above ; consider, for 
instance, the front-end tests in Table VII, all of 
which, obtained under otherwise analogous drawing 
conditions, show a deterioration of quality (as 
measured by the torsion and reversed bend tests) 
with heavier drafting. This tendency is also shown 
by the data in Table IX, which were obtained during 
exploratory tests on the air-patented material. 

The material and specification were as for Table 
VI, the speed being 150-200 ft./min. Single coils 
drawn with the lightest possible back pull were 
tested on the day of drawing. The drafting was as 
follows : 

Drafting A B C D 

No. of Passes 5 6 q s 

Single-hole from 

1 S.W.G. to 0-24 

Pathfinder Draft- 35, 


2in. 0 -224in. 0 -202in. O-1s4din. 
35 
ing, (approx.)°, 30,31 31, 28 


20, a, wo, 23, 21,20, 
26, 27 20, 20 
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Table IX 


EFFECT OF DRAFTING ON PROPERTIES OF AIR-PATENTED ROPE WIRE DRAWN AT LOW SPEED 
TESTS ON FINISHED WIRE 

















Drafting A | B | ¢ D 
] | | | 
Specimen F | B | F | B | F B F B 
| u 
U.T.S., tons/ | | 
sq. in. 114-7 117-3 114-0 | 114-0 | 109.4 112-6 } 112-0 112-0 
El. 2, % 3-5 4.0 | 3-5 | 40 | 40 | 3-5 7:0 | 6-5 
m.in A, % 39-7 41.2 45.2 44.0 | 41-8 } 40.4 46-0 7-1 
T.N. (Range) 11-41 11-4] | 40-41 | 36-40 36-39 | 33-39 | 3436 | 36-41 
B.N.5 (Range) 6 | 6 | 6 6 | 6 | 6 | 67 | 6-7 
| | | | 








Another difficulty regarding the quality of high- 
tensile wire, experienced in the experiments, was that 
good results in the torsion test were often obtained 
both at low speeds (e.g., 250 ft./min. to 350 ft./min.) 
and at high speeds (e.g., above 700 ft./min.), but at 
intermediate speeds the tests were highly erratic. 

Moreover, no consensus of opinion exists about 
the validity of the ‘ ductility ’ tests as criteria of the 
quality of product. The torsion test is not favoured 
on the continent, and even in this country its inter- 
pretation varies from one wire maker to another. 
The acceptance tests for high-tensile wire are, in part, 
arbitrary, and the problem of the effect of cold work 
on the mechanical properties of wire is yet to be 
explored. 

Apart from these fundamental questions, the 
experiments show that back pull did not produce 
the expected results. It did not invariably improve 
the quality of the wire drawn at a given speed, 
though it appeared to reduce the drawing tempera- 
ture ; nor did it, in general, restore these qualities 
at speeds otherwise excessive, or in draftings con- 
sidered normally unsuitable. 

Concerning the relations between back pull, drawing 
temperature, and speed, some caution must be exer- 


cised in the interpretation of the measurements of 


the cooling-water temperature. The increased speed 
will cause a greater proportion of the drawing heat 
to be carried away by the wire, so that it will raise 
the temperature of the wire more rapidly than that 
of the die-cooling water. 

The practical value of these experiments is the 
discovery that some grades of rope wire may be 
drawn much faster than has hitherto been thought 
possible. This may, in part, be explained by the 
rapid cooling of the wire on the blocks which is 
peculiar to this type of machine. But it should 
also be noted that at high speeds the four passes are 
effected in half-a-minute, while on a machine of the 
‘wapping-off’ type the same process takes at least 
half-an-hour. 


OPERATIONAL PROBLEMS OF BACK-PULL 
DRAWING 
Several operational difficulties were encountered 
which had not been appreciated in earlier laboratory 
experiments : 
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(1) To keep down the incidence of breaks, the ratio 
of drawing stress to ultimate stress of the drawn 
wire must be appreciably less than unity (the ultimate 
tensile stress of a parcel of wire may vary by as 
much as 10°,). Since, however, back pull increases 
the drawing stress, there is no scope for back 
pull in processes in which the safe stress ratio is 
already attained in conventional drawing. The exact 
value of this ratio depends on a number of extraneous 
factors, e.g., on the strength of the weld bet ween succes- 
sive coils. In this investigation most materials were 
drawn satisfactorily with a back pull which reduced 
the die load to F F, — 0-7a(F Fmin.). the 
corresponding ratio of drawing stress to ultimate 
stress being 0-80 approx. With some of the high- 
carbon materials, however, this back pull increased 
the incidence of breaks, and, probably, was the cause 
of the appreciably lower R. in A. figures observed in 
the high-speed experiments. 

(2) The force required to initiate drawing was 
observed to exceed the force during running—some- 
times by 20-30 Consequently, when the machine 
was stopped whilst set for heavy back pull, starting 
frequently led to a break. It is, therefore, advisable 
to stop and start without back pull; but in that case, 
much material must be scrapped if wire drawn with 
heavy back pull is to be tested in a fair manner. 

(8) High-tensile wire is always ‘ cast,’ i.e., a definite 
curvature is imparted to it by misalignment of the 
die. Back pull has been found to reduce the amount 
of such ‘ cast.’ Since the setting of the die is done 
while the wire is *‘ inched * without back pull, casting 
in back-pull drawing demands greater skill. 

CONCLUSIONS 

This investigation was concerned with such prob- 
lems of industrial interest as the effect of back pull 
on die wear and power consumption, the increase of 
drawing speeds, and the use of heavier drafting— 
rather than with the fundamental problem of the 
mechanics of back-pull drawing, which has engaged 
the attention of other workers in this field. Further- 
more, the present experiments were performed on a 
markedly different scale, in that large quantities of 
material were drawn under conditions closely ap- 
proaching those in a wire mill, whereas other investi- 
gators have drawn short lengths of wire at speeds 
not exceeding 25 ft./min., and sometimes as low as 
0-06 in./min. 

The present investigation suggests that many 
writers have been over-optimistic in their speculations 
about the industrial utility of back-pull drawing. 
The results provide little support for the contention 
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that heavy back-pull drawing is desirable in drawing 
practice, since : 

Firstly, practical considerations greatly curtail the 
magnitude of back pull that can be applied in the 
wire mill; for since back pull increases the drawing 
force, it therefore reduces the margin of safety from 
breaks. With the prevailing industrial tendency 
towards heavier drafting, this margin is small even 
in conventional drawing, so that in many processes 
there is little scope for the back-pull method. 

Secondly, the experiments have revealed no 
industrially important saving in power consumption. 
They also show that a much greater horse-power 
must be provided by the finishing motor than is 
needed in conventional drawing, whilst the preceding 
motors, though running on lighter loads under back- 
pull conditions, still have to provide the normal full 
torque during threading-up and starting. 

Thirdly, the investigation offers no adequate 
evidence of the considerable reduction in die wear 
that was expected from the reduction of die load. 
The experiments, though not conclusive, suggest 
that the nature of the wire surface and the lubri- 
cation play at least as important a part in determin- 
ing the rate of die wear, as does the magnitude of the 
die load. 

Fourthly, although earlier observations of a reduc- 
tion of drawing temperature by back pull were 
confirmed indirectly in the experiments on high- 
tensile rope wire, it was not, in general, found possible 
to counteract by means of back pull the deterioration 
of the properties of the finished wire, which is believed 
to arise from high drawing speeds and heavy 
draftings. : 

On the other hand, this investigation has estab- 
lished that, if not excessive (i.e., if it does not cause 
the drawing stress to approach too closely the ulti- 
mate tensile stress of the drawn wire), back pull 
alone has no significant effect on the mechanical 
properties measured by standard tests. In other 
words, it is immaterial, so far as these properties are 
concerned, whether moderate back pull is applied or 
not. At the same time, the Pathfinder machine 
demonstrates that, provided a small amount of back 
pull is applied, wire can be drawn straight from 
capstan to capstan without slip. This method is 
likely to be of great convenience when drawing very 
thick high-tensile wire; it may also permit shaped 
wire to be drawn continuously. There is also some 
evidence that, on the whole, dies wear better in 
this machine, presumably because the path of 
drawing is straight. Moreover, the wire does not 
‘stew’ on the capstans, and it passes through the 
machine extremely rapidly. The last two charac- 
teristics of ‘ straight-line, slipless’ drawing, namely, 
quick and effective cooling and the rapid succession 
of passes, are thought to explain the successful and 
most marked increase of drawing speeds achieved in 
the experiments on high-tensile wire drawn without 
heavy back pull. 

Summarizing, this investigation has not shown 
drawing with heavy back pull to be so promising a 
technique as suggested by the results of earlier work. 
On the other hand, it has revealed certain desirable 
features of ‘straight-line, slipless’ drawing, and it has 
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also proved that the moderate back pull needed in 
this method has no deleterious effect on the wire. 


SCOPE FOR FURTHER RESEARCH 


It is emphasized that this investigation was 
confined to a comparatively narrow field of wire 
drawing and that back pull might be advantageously 
employed in other fields. Where light draftings are 
used on account of excessive die wear or because of 
difficulties with lubrication, relatively more back 
pull than in ‘dry’ steel drawing could perhaps be 
applied ; the reduction of the die load for a given 
amount of back pull might be greater on account of 
greater friction, all of which might lead to a significant 
improvement in die wear or to the introduction of 
new and superior lubricants. There is reason to 
believe* that smaller die angles can be employed 
in heavy back-pull drawing, and that these, in turn, 
will lead to a minimization of ‘ringing.’ In some 
instances, back pull may even cause plastic stretch- 
ing of the wire before it enters the die, thus re- 
ducing the area of contact between wire and die. 
In view of these considerations, the possibility 
cannot be ruled out that scope for back pull will be 
found in ‘ wet drawing,’ in the drawing of electrical 
resistance alloys, of stainless steels, and of non- 
ferrous metals. 

It may be said that, in general, the more efficiently 
the deformation is performed by the conventional 
method, the less useful is the heavy back-pull 
technique as an alternative. Therefore, further 
research is likely to be most profitable if applied 
to fields of drawing practice in which deformation 
is accompanied by much friction. 
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Protective Devices for Electrical Systems in 


Steelworks 


By H. V. Benns and A. W. Tozer, A.M.I.E.E. 


SYNOPSIS 


The paper covers all aspects of electrical protection for steelworks, from protection of the generating 
plant and high-tension distribution system, to protection of the individual motors. Recommendations are 
given for the protection of generators and transformers of various ratings, and protection of the station 


busbars is considered. 


The types of protection available for ring mains and other high-tension distribution systems are discussed 
and some notes are included on the limitations of current transformers when used for protective gear operation. 
Tests on 3-phase squirrel-cage induction motors have been made to determine the safe heating charac- 


teristics under 3-phase overload, motor stalled, and single-phase operating conditions. 


The results of these 


tests are given and are compared with the characteristics of various overload relays which are available. 


Introduction 


T is the aim of this paper to examine methods of 
protection which are available for application to 
the distribution systems and plant of a steelworks, 

and to consider how best these may be utilized to 
provide efficient and reliable protection under oper- 
ating conditions experienced in the steel manufact- 
uring and processing industry. All aspects of elec- 
trical protection are considered from the protection of 
the generating plant and high-tension distribution 
system to protection of the individual motors. In 
general the remarks and recommendations cover the 
more usual applications, and schemes designed for 
special conditions or processes have been omitted. 
The protection provided can seldom be complete, 
taking care of all kinds of possible faults and all 
conditions of overload, and it is necessary to compro- 
mise between over-elaboration of the equipment and 
insufficient protection of the system or plant. How 
to make this compromise depends largely on the 
particular application under consideration and in 
any case is a matter on which there is much room for 
argument. The guiding factors appear to be in the 
records of failures which might have been prevented 
by more elaborate protection, and of shutdowns due 
to premature tripping of protective devices, involving 
serious loss of time and output. 

Protective gear should not be considered solely on 
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the basis of its component parts. It is the co- 
ordinated whole, comprising current transformers, 
voltage transformers, relays, and circuit-interrupting 
apparatus which, when considered together, forms 
a protective scheme. 


GENERAL PRINCIPLES 
LOCATION OF PROTECTIVE AND CONTROL 
APPARATUS 

It is obviously important to protect the equipment, 
as far as is practicable, from the action of corrosive 
fumes and from dust. In some chemical plants the 
electrical equipment is of the oil-immersed type 
wherever possible, to obtain additional protection 
against the action of corrosive fumes, but much of the 
equipment required for steelworks applications is of 
the air-break type. 

When specifying the electrical equipment and the 
associated protective gear for a given application, 
it is necessary to consider (a) whether the apparatus 
is essentially of a type which, because of the inherent 
sensitivity of the devices, must be protected against 
dust and corrosive atmospheres, or (6) whether the 
apparatus must be located where it will be subject 
to dusty conditions and corrosive atmospheres and 
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cannot reasonably be protected against these con- 
ditions. 

To reduce the maintenance required in service to a 
minimum, where the apparatus must be assembled on 
the floor of the shop and is subjected thereby to dusty 
and corrosive conditions, it may be enclosed in a 
sheet metal cubicle or a brick-built enclosure. The 
brick enclosure will require more floor space but will 
provide better accessibility. Such enclosures can be 
pressurized if the conditions are very bad, but clean 
dry air must be used. If of the open type, the equip- 
ment can be located in a separate building or annexe, 
housing nearly all the electrical plant, with the excep- 
tion of auxiliary motors. Such locations can be 
pressurized if this is thought desirable in view of site 
conditions. 

The changes which have taken place over the last 
15 years in the layout of mill drives for the production 
of strip, tinplate, rods, and bars, etc., have resulted in 
a much closer association between the main drives and 
the many auxiliary drives. The electrical control 
equipment, particularly, tends to be considered as a 
whole, rather than, as previously, a number of indepen- 
dent drives. In recent years the control equipment 
for main and auxiliary drives has been built as one 
installation and located in a separate building or 
annexe. As pointed out above, this is undoubtedly 
a more satisfactory arrangement. 

The conditions referred to under (b) above, apply, 
for example, to most cranes in steelworks, and it 
is necessary to use equipment which is robust 
and simple in construction and generally able to 
operate with a layer of dust on the individual devices. 
However, it is often possible to provide, on thé crane 
itself, an enclosed house in which the control equip- 
ments for the various drives can be mounted, thus 
providing some protection from dust. Improved 
accessibility to the apparatus is usually obtained in 
this way. 


TYPES OF PROTECTIVE GEAR AND DEFINITIONS 
RELATING TO PERFORMANCE 


The many types of protective gear are considered 
under four main classifications, each dealing with a 
different aspect of fault current, as follows : 

(1) Magnitude of Current Entering the Zone— 
The conventional overcurrent or overload systems 
of protection, usually having an inverse time-current 
characteristic to enable grading to be carried out or to 
allow the protection to safeguard plant from over- 
heating as a result of excess currents. Schemes 
designed for fault protection will be referred to as 
‘overcurrent ’ and those designed for protection 
against overheating as ‘overload.’ Frequently a 
scheme is required to perform both of these functions. 
All types of fuse protection are classified under this 
heading. 

(2) Composition of Current Entering the Zone— 
Systems of protection designed to detect any abnormal 
composition of current entering the zone, a common 
example being the so-called unrestricted earth-fault 
protection. The current composition during earth- 
fault conditions is abnormal in that the three line 
currents do not summate to zero. 
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(3) Direction of Current through Zone—Systems in 
which a check is made on the reversal of current with 
respect to voltage, directional overcurrent and 
directional earth-fault schemes being common 
examples. 

(4) Disparity between Currents Entering and Leaving 
the Zone—The well-known balanced or restricted 
forms of protection where operation of the associated 
relays can occur only for faults within a given zone. 
Such a balanced scheme is normally arranged to 
operate on the Merz-Price circulating-current or 
restricted earth-fault principles, or on the opposed 
e.m.f. principle. Many proprietary systems of pro- 
tection operate fundamentally on one or other of 
these principles, and refinements have been made to 
overcome some disadvantages of the straight schemes. 

Current transformers are necessary to measure 
the currents entering and leaving the protected zone, 
and under healthy conditions these may be considered 
equal. Their secondary windings are connected in a 
suitable manner to allow a relay to carry a current 
proportional to the fault current, which in turn is 
the difference between the currents entering, and the 
currents leaving, the zone. 

In Fig. 1 two sections of a feeder are shown in 
schematic form and each section is equipped with a 
form of balanced protection. The instantaneous 
directions of primary and secondary current flow 
are indicated by means of arrows, and it is shown 
that no current flows in the relays associated with the 
healthy section of the feeder. 

The following definitions relate to protective gear 
performance : 

Through-Fault Stability Current—The maximum 
value of through-fault current up to which the pro- 
tective scheme will remain inoperative. 

Stability Ratio—The ratio of stability current to 
primary operating current ; the only true criterion of 
protective gear performance. 

Primary Operating Current—The minimum value of 
fault current to ensure correct relay operation. The 
term is applicable to all types of protection. 


BASIC FEATURES OF A PROTECTIVE SCHEME 


The following basic features are desirable for an 
efficient protective scheme : 

(a) Rapid isolation of faults to ensure minimum 
disturbance to the system, and to minimize damage 
at the fault location. 

(b) Selectivity in operation so that healthy 
apparatus is not disconnected from the system. 
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Fig. 1—Operating principle of balanced protection : 
(a) Merz-Price circulating-current system; (b) op- 
posed e.m.f. system 
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(c) Stability up to the maximum value of through- 
fault current which can be experienced on the 
apparatus or section concerned. 

(d) Low primary operating currents to ensure 
that tripping will occur for fault currents limited by 
the reactance or impedance of generating plant, 
transformers, or cables, or by the resistance of 
the earth path and neutral earthing arrangements. 

(e) Close thermal grading of overload relays 
with the safe heating characteristic of the plant 
protected. 


PROTECTIVE APPARATUS 
RELAYS 

A protective relay may be defined in a general way 
as a device by means of which one electrical circuit is 
indirectly controlled by a change in the same or in 
another electrical circuit. Types of relays in common 
use are (a) solenoid, (6) attracted armature, (c) induc- 
tion, and (d) thermal relays. 


Solenoid Relays 

In the solenoid relay an iron plunger is drawn into 
a solenoid coil when the coil current exceeds a pre- 
determined value. The current setting may be varied 
by varying the initial position of the plunger or by 
varying the tension of a restraining spring. The 
relay is nominally instantaneous in operation, but 
can be fitted with an oil-filled dashpot and piston to 
give an inverse current-time characteristic, and in 
some designs the time settings may be varied by alter- 
ing the initial position of the piston in the dashpot. 

The oil-dashpot type is simple and robust, the dis- 
advantages being : (1) accurate machining of piston 
and dashpot is essential, (2) grit in the dashpot oil 
can easily cause the piston to stick, and (3) operating 
time varies considerably with changes in ambient 
temperature owing to variation in viscosity of dashpot 
oil. Recently developed ‘silicone’ oils, however, 
have a relatively small change in viscosity with temp- 
erature. 

The results of recent tests on a standard solenoid- 
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Fig. 2—Solenoid-type overload relay with oil dashpot. 
Effect of temperature on tripping time 


Fig. 3—Typical characteristic curve of induction relay 
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type overload relay, using a silicone oil in the dashpot 
instead of the usual class B30 switch oil, are shown in 
Fig. 2. The silicone oil used had a viscosity at 20° C. 
similar to that of class B30 switch oil, and it can be 
seen that there is a considerable reduction in the 
variation of tripping time with changes in ambient 
temperature. Further investigation is necessary, but 
an improvement in the characteristics of oil dashpots 
may be expected. 


Attracted Armature Relays 

This type is extensively used on protective schemes 
requiring a fast-acting relay and consists essentially 
of an iron circuit and operating coil with a pivoted 
iron armature which is attracted when the coil current 
exceeds the relay setting value. Relays fitted with a 
plug and plug bridge operate on a constant ampere- 
turn basis and thus decreasing the current setting by 
means of the plug and plug bridge includes a pro- 
portionately higher number of turns on the operating 
coil. Hence, a decrease in current setting will increase 
the coil impedance: this is an important point in 
connection with the operation of the associated 
current transformers and is considered later in the 
paper. 

Induction Relays 

The induction relay is a precision device used for 
time-graded systems of protection on A.C. circuits 
only. An important feature of this type of relay, 
in addition to the normal inverse current-time 
characteristic, is what is known as a ‘ definite min- 
imum time’ which is adjustable and ensures that 
relay currents in excess of a certain value cause no 
corresponding decrease in relay operating time. 
This characteristic is illustrated by the typical curve 
given in Fig. 3. Definite minimum time settings 
from 0-05 to 1-0 are usually marked on the relay, 
1-0 corresponding to the maximum value of ‘ definite 
minimum time.’ These figures are known as the 
time multiplier settings. 

The relays are also fitted with a plug bridge for 
altering the current setting, and reference to Fig. 3 will 
show that the horizontal current axis is labelled 
current-setting multiplier. The following relation- 
ship exists : 
fault current in relay 


Current-setting multiplier = : 
relay setting current 


Induction relays can be obtained with a directional 
feature by adding a sensitive wattmeter element 
which closes its contacts when power flow is in a 
predetermined direction ; these contacts are in series 
with the coil of the current magnitude element, 
and thus the relay cannot commence to operate until 
the directional element has selected the direction of 
power flow. 


Thermal Relays 
Thermal relays are employed almost exclusively 
for motor protection and are dealt with in detail 
under that heading (see p. 347). 
CURRENT TRANSFORMERS 
The two main applications of current transformers 
are the operation of indicating instruments or meters 
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and the operation of protective relays. The current- 
transformer characteristics required for the two 
applications are different and if one set of current 
transformers is to be used for the combined operation 
of instruments and protective gear, great care is 
necessary to ensure that satisfactory protective gear 
performance is obtained, together with sufficiently 
accurate instrument indications. In some cases it is 
not possible to combine the two duties. 


Current Transformers for Instruments and/or Metering 


The performance of current transformers for ins- 
trument or meter operation is specified in B.S.S. 81 
(1936) and various classes of accuracy, such as B, C, 
and D, are tabulated. A current transformer com- 
plying with B.S.S. 81 has a rated secondary output 
measured in volt-amperes, 5 and 15 VA. being 
typical ratings. Unlike most other items of electrical 
apparatus, these outputs do not represent the max- 
imum, but are the maximum outputs obtainable 
without exceeding the limits of accuracy specified 
in B.S.S. 81. The specification for an instrument 
current transformer must therefore refer to both its 
output and its corresponding accuracy, and either 
term alone is meaningless. An important point to 
be noted is that B.S.S. 81 specifies limits of accuracy 
for any current transformer only up to a current 
of 120% of its primary current rating and this is 
obviously satisfactory for instruments or meters. 

A current transformer does not produce in its sec- 
ondary winding a current which is an exact image of 
the primary current owing to losses in its magnetic 
core, and thus to maintain the accuracy of trans- 
formation specified in B.S.S. 81, the core losses must 
be kept ata minimum. This is achieved by employing 
large section stalloy iron cores or a special low-loss 
iron, or a combination of the two. A disadvantage of 
the low-loss irons is that saturation occurs at a 
comparatively low value of flux density, but as 
B.S.S. 81 specifies the performance only up to 
120% full load no serious difficulty is experienced. 


Current Transformers for Protective Gear 


In current transformers used for protective gear 
operation the accuracy at currents below full load is 
unimportant, but the current transformer must hold 
its ratio with primary currents up to many times the 
full-load value so that correct relay operation is 
achieved on heavy fault currents. Current trans- 
formers having cores of low-loss iron cannot there- 
fore be used because of their low saturation point. 

In general, current transformers of high ratio may 
be used for combined operation of instruments and 
protective gear, as the accuracy at low currents can be 
obtained without resorting to the use of low-loss iron ; 
for low-ratio designs separate current transformers 
will often be necessary. 

Balanced systems of protective gear invariably 
require current transformers used solely for this 
purpose. The ratio, accuracy, and output should 
not be specified when ordering a balanced protective 
scheme so that current transformers may be designed 
with characteristics most suited to the specific 
application. 
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Wound Primary Current Transformers 


The design difficulties encountered with low-ratio 
single-turn or bar primary current transformers may 
be overcome by employing a multi-turn primary 
winding, subject to certain limitations of short- 
circuit current at the current-transformer location. 
A wound-type primary is very vulnerable to the mech- 
anical stresses and thermal effects which are set up 
under heavy fault conditions, and the number of 
primary turns which can be employed is dependent 
upon the magnitude of the maximum fault current, 
and upon its duration. 


Calculation and Effect of Secondary Burden 


In calculating the burden of instruments and relays 
to be operated from a common current transformer, 
care must be taken to ensure that the volt-amperes 
are calculated at the full-load current of the current- 
transformer secondary winding. For example, con- 
sider a current transformer with a 5-amp. secondary 
winding operating a wattmeter taking 1 VA. at 
5 amp., and an overcurrent relay with plug settings 
adjustable between 50% and 200% of 5 amp. and 
with a burden of 3 VA. on any setting. With the relay 
set at 100% (5 amp.) the total burden on the current 
transformer is obviously 1 + 3 = 4 VA., anda current 
transformer of, say, 5 VA. and class C accuracy, 
would be satisfactory. Now consider the same relay 
set at 50% (2-5 amp.), and it will be seen that 3 VA. 
at the setting is equivalent to 3 x (5/2-5)? = 12 VA. 
on a 5-amp. basis. Thus in this case the total burden 
on the current transformer will be 12 + 1 = 13 VA., 
and a current transformer rated at 15 VA., class C 
accuracy, would be necessary to maintain accurate 
wattmeter readings. 


Effect of Low Relay Settings on Current Transformers 


The remarks in this section apply mainly to relays 
with plug setting adjustment, where the relays take a 
constant operating volt-ampere value, irrespective of 
current setting, but the coil impedance is greatest on 
the lowest setting. In similar manner the impedance 
of a l-amp. plunger-type relay will be 25 times that 
of a 5-amp. relay for the same application because 
the effort required or the operating volt-ampere 
value is a constant. 

In steelworks, owing to the extensive use of low- 
pressure A.C. networks, the problem of obtaining 
sensitive earth-fault protection to operate on limited 
earth-fault currents is frequently experienced, and 
it is thus important to realize the limitations of 
current transformers in this respect. The theory 
of operation of a current transformer is beyond the 
scope of this paper, but it can be stated that with 
low values of relay coil impedance, a current trans- 
former will produce a secondary current approxim- 
ately proportional to the primary current. If, 
however, the relay coil impedance is high, owing to a 
low current setting, the current transformer may 
saturate, and it follows that for any given current 
transformer and a given relay operating volt-ampere 
value, there is a relay setting current which will give 
an optimum minimum value of primary operating 
current, and any decrease in relay setting below this 
will increase the primary operating current of the 
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protection. Great care is necessary when choosing 
the setting of an earth-fault relay, and settings 
below those recommended by the manufacturers 
for any particular installation should not be used. 


VOLTAGE TRANSFORMERS 


Voltage transformers are used for several types of 
protection, but for steel mills the important applica- 
tion is to provide a voltage reference for directional 
protection. The accuracy of a voltage transformer 
for instrument or meter operation is specified in 
B.S.8S. 81 (1936) but, unlike current transformers, 
no difficulty is experienced in designing for any 
reasonable volt-ampere output, and as far as direc- 
tional phase fault protection is concerned, a standard 
three-phase voltage transformer to B.S.S. 81 and 
connected star/star is quite satisfactory, and can be 
used both for protective gear and for instrument 
operation. 

For directional earth-fault protection a slightly 
different design of transformer, with a five-limb core, 
or the equivalent, is necessary, together with a sec- 
ondary winding connected in broken delta to give a 
measure of the residual or zero-phase sequence voltage 
under earth-fault conditions. The broken delta 
winding can form a tertiary winding on a star/star 
voltage transformer, and the transformer can then 
be used for instruments or metering as well as for 
protective gear operation. 

FUSES 

The two main types of fuse in very common use 
are the rewirable type, and the high-rupturing- 
capacity or cartridge type. Both types have their own 
specific field of application, as indicated below, 
and should be used accordingly. 


Rewirable Fuses 

The rewirable fuse is used extensively on all D.C. 
circuits and on small-power A.C. circuits where the 
prospective fault capacity is very limited. Many 
types of rewirable fuses have virtually no fault- 
breaking capacity, but surprisingly few fuse failures 
are reported, and this the authors attribute to the 
comparatively low values of fault current which are 
experienced in practice—usually much lower than 
the calculated theoretical maximum values. 


High-Rupturing-Capacity (H.R.C.) Fuses 

The H.R.C. fuse has a fusing characteristic which 
can be guaranteed correct within 5%, and it can be 
used with safety on A.C. circuits up to 660 V. with 
a prospective fault capacity up to 25 mVA. and on 
high-tension circuits from 60 to 150 mVA., depending 
on the voltage. 


Grading of H.R.C. Fuses 

The total fusing time of H.R.C. fuses is composed of 
two components, namely, the pre-arcing time and 
the arcing time. The pre-arcing time is measured 
from the incidence of the fault until a break in the 
fuse element is initiated, and the arcing time is the 
time from the break until the current in the fuse 
circuit is zero. 

A set of fuse characteristic curves taken from a 
manufacturer’s catalogue will indicate that each fuse 
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will discriminate with the next higher rated fuse 
over the whole range of fault currents. However, 
if these curves do not indicate both the pre-arcing 
time and the total fusing time there is a possibility 
that the total fusing time characteristic of any one 
fuse will cross the pre-arcing time curve of the next 
higher rated fuse, and thus by the time the lower fuse 
has cleared the fault, the fuse behind it will have 
partially or completely ruptured, resulting in maldis- 
crimination. Unfortunately, few manufacturers state 
whether their published curves include the arcing 
time, and the importance of this cannot be over- 
emphasized. 

The problem of grading H.R.C. fuses of different 
manufacture requires careful consideration as even 
similar rated fuses may have widely different charac- 
teristics. 

Tripping-Type H.R.C. Fuses 

One of the major disadvantages of any type of fuse 
protection is that in the event of failure of the fuse in 
one phase only of a circuit feeding motors, the 
resultant single phasing can cause an excess current in 
the two healthy phases and in the motor windings. 
The tripping type of fuse incorporates a plunger which 
is ejected on fuse operation to lift the trip bridge of a 
circuit breaker. Such a fuse cannot normally be 
fitted to an existing circuit breaker without modifica- 
tion to the tripping mechanism, but it is a useful 
feature to include in new designs of switch fuse gear 
for use as motor-control units. 

As an alternative to the tripping-type H.R.C. 
fuse, there are patented schemes consisting essentially 
of a relay or trip coil connected across each conven- 
tional tvpe of H.R.C fuse. This coil is designed to 
operate on the difference between the voltage pro- 
duced by the motor open-circuited leg and the line 
voltage, and is arranged to trip the circuit breaker. 


APPLICATIONS OF PROTECTIVE 
METHODS 
ALTERNATORS 


The protection of three-phase alternators is of 
interest to only a small proportion of steelworks 
engineers as most plants in this country take their 
main supply direct from the British Electricity Auth- 
ority. There are, however, several mills with 
generating plant in operation and it is considered 
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Fig. 4—Alternator balanced protection : (a) restricted 
earth-fault ; (6) circulating current 
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that a review of modern protection practice of such 
plant is necessary to complete this paper. 

The types of faults for which electrical protective 
gear is required are: (a) Failure of insulation on 
stator winding, and (b) overheating of stator or 
rotor. General recommendations for the protection 
of alternators are given below, but in all cases the 
alternator designer’s approval should be obtained 
for a specific case : 

Recommendations for Alternator Protection 

(1) Alternator rating : up to 1250 kVA. 

(a) Overcurrent and unrestricted E/F 

(2) Alternator rating : 1251 to 5000 kVA. 

(a) Restricted E/F or circulating current 

(b) Automatic exciter field switch 

(c) Phase unbalance protection (optional) 
(3) Alternator rating : 5001 kVA. and above 

(a) Circulating current 

(6) Automatic main field switch 

(c) Phase unbalance protection 

(d) Automatic neutral breaker 


Insulation Faults on Stator Winding 

A fault on the stator winding of an alternator must 
be cleared as quickly as possible in order to limit the 
resulting damage to a minimum, and thus on all but 
the very smallest alternators some form of high- 
speed balanced protection is necessary. Operation of 
the protection should be arranged to suppress the 
alternator field as well as to open the main circuit 
breaker, so that the alternator will not continue to 
feed its own fault. As earth faults are the most 
prevalent, earthed neutral machines of the larger 
sizes should be fitted with an automatic neutral 
breaker so that earth-fault currents can be interrupted 
instantly when the protection operates. 

The most usual form of alternator balanced protec- 
tion is plain Merz-Price circulating current (as 
already described, see p. 332), with current trans- 
formers located in the three neutral connections and 
in the main circuit breaker connecting the machine to 
the busbars. For small alternators on which the three 
neutral connections are not brought out separately 
and only one common neutral terminal is available, 
restricted earth-fault protection, as shown in Fig. 4(a), 
can be applied. This form of protection operates 
on alternator earth faults only, and standby over- 
current protection can be relied upon to clear inter- 
phase faults provided that the alternator is operating 
in parallel with other sources of supply. 

The phase-fault primary operating current of the 
protection is not of any great importance since an 
interphase fault on any part of the winding will 
produce a high fault current to operate the protective 
relay, but alternators require a low value of earth- 
fault primary operating current. 

A neutral earthing resistance should have an 
ohmic value low enough to ensure adequate protection 
of the alternator and system and high enough to 
minimize disturbance to the system and damage on 
the occurrence of an earth fault. A usual compro- 
mise is a value such that the earth-fault current for an 
earth fault on one of the machine terminals will be 
limited to the machine full-load current. 

A fault very near to the neutral end will not produce 
sufficient current to operate the protective relay, and 
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thus it is never possible to protect the whole of the 
winding ; however, as the neutral-end coils are opera- 
ting at a lower potential above the frame than coils 
nearer the machine terminals, it is apparent that 
earth faults are not so likely to occur. The per- 
centage of machine winding which is protected can be 
calculated from the formula : 
% of machine winding = 
100 — E/F POC x /3 x R x 100 
System volts 
where E/F = earth fault, POC = primary operating 
current, and R = ohmic value of neutral earthing 
resistance. With a neutral earthing resistance rated to 
pass the alternator full-load current for terminal 
faults, it is usually possible to protect 85 to 95% of 
the stator winding. 





Overheating of Stator or Rotor 

Modern alternators have sufficient reactance to 
limit a balanced three-phase fault current to a reason- 
able value, and the stator is designed to withstand the 
short-time heating effect of such currents. The 
rotor field windings can however become overheated 
when the machine is called upon to supply unbalanced 
currents, and normally these arise when the alternator 
has to feed a fault to earth or a fault between two 
phases. Unbalanced current of a value well below 
the normal full-load value of the machine can cause 
rotor overheating, and therefore the provision of 
‘phase unbalance ’ protection is recommended. 


Overcurrent Protection 

Overcurrent protection is unnecessary on a modern 
alternator as a means of safeguarding the stator from 
the effect of system faults, but it may have to be 
considered on small machines where the cost of 
balanced protective gear cannot be justified. 

It is obvious that an overcurrent relay must be 
of the inverse time-current type in order to permit 
grading with the system protection, and also the 
setting must be well above the normal full-load 
current so that tripping will not occur in normal 
service. On a large alternator the decrement charac- 
teristic may limit the fault current after a few cycles 
to approximately the full-load value, and thus the 
condition may arise when the relay current setting and 
time delay may prevent operation. 

Overcurrent protection can serve a useful purpose 
as back-up protection for faults on the stator winding 
when the alternator is running in parallel with other 
sources of power, as relays responding to currents 
on the terminal side of the machine winding will 
operate on back-feed from the busbars, these not 
being limited by the decrement characteristic of the 
alternator. Such protection is not recommended 
where phase unbalance protection is provided as the 
latter will afford adequate back-up protection 
against winding faults. 


TRANSFORMERS 
The degree of protection afforded on a power 
transformer will depend largely on the relative 
importance of the installation and, although not 
strictly true, the importance has been assumed to be 
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Table I 
FORMS OF PROTECTION AVAILABLE FOR POWER TRANSFORMERS 





Forms of Protection 





Types of Fault 


Overtemperature Overcurrent 
A B 


as E/F | Frame Leakage 
D 


Balance Buchholz 
E F 





Overheating x 
Overload xX 
Earth fault 
Interphase fault 
Interturn fault 
Open circuit 


> PAPA 














va 


Aw: 
hh: 

















proportional to the kVA. rating. The protective 
schemes available and recommendations for various 
transformer ratings are given in Tables I and II. It 
is intended that each winding should be considered 
separately and a final choice made from those forms 
of protection suitable for both windings. Where 
alternative forms of protection are given it may be 
necessary to use more than one form where the 
maximum degree of protection can be justified. 


Over-Temperature Protection 


A contact-making thermometer can be arranged to 
measure the top oil temperature, or the winding tem- 
perature, in the case of large transformers, the contacts 
being arranged for alarm or trip as required. A 
transformer fault will usually damage the windings 
seriously before a temperature device has operated 
and thus it should not be the sole form of protection. 


Overcurrent Protection and Grading 


It will be seen from Table II that overcurrent 
protection is recommended for all ratings of power 
transformers, and for units below 11 kV. and 500 kVA. 
it will probably be the main protection. For trans- 
formers connected star/delta, care is necessary to 
ensure that grading between the overcurrent relays 
on the high-voltage and low-voltage sides is correctly 
carried out owing to the special distribution of fault 
current in the phases. 


Reference to Fig. 5, giving current distribution in 
the phases for various types of external fault, shows 
that for any transformer a fault on the star side 
involving two phases causes the highest line current 
ratio between delta and star sides, the ratio being 2 
units on the delta side for a fault of 1 unit on the star 
side. If J is the fault current on the star side of 
the transformer, the fault current in the highest 
line on the delta side will be : 

21 Star-side line volts 

V3 ~ Delta-side line volts 
If overcurrent relays on each side of the transformer 
are graded on this basis correct discrimination will be 
obtained for any type of fault on the star side fed 
from the delta side. 

It is necessary to use triple-pole overcurrent relays 
on the delta side of the transformer and not double 
pole relays, to ensure that for the condition shown in 
Fig. 5(b) the current in the highest phase will be 
measured. 


Earth-Fault Protection 


Restricted earth-fault protection of the star winding 
consists of three current transformers in the phase 
connections and a current transformer in the neutral 
earthing connection, the four being summated together 
on to an instantaneous type of relay. The protection 
will operate for earth faults on the star winding only 


Table II 


RECOMMENDATIONS FOR POWER-TRANSFORMER PROTECTION, BASED ON RATING 
(SYSTEM NEUTRAL EARTHED) 















































nA$ Protection Recommended (see Table I) 
Voltage Range kVA. Range = : 
A | B Cc | D | E F 
| | 
Up to 11 kV. Up to 500 Earthed xX Op. Op. 
- e Insulated ae x Op. Op. oes 
+ 501 to 5000 Earthed Op. x x > Op. 
- m Insulated Op. xX = x Op. a 
os Over 5000 Earthed x x p3 x a x 
= - Insulated pb. 4 x b 4 BS p 9 x 
Above 11 kV Up to 500 Earthed Op. x xX x ; 
“3 os Insulated Op. x pf x ind ar 
a 501 to 5000 Earthed x x x x xX p 4 
os 35 Insulated x p 4 4 xX xX x 
a Over 5000 Earthed x x x b D x 
+ +6 Insulated x x x x p. 4 e 
Op. = optional 
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Fig. 5—Fault-current distribution on a_ star/delta 
transformer : (a) 3-phase fault on star side ; (b) 2- 
phase fault on star side; (c) phase to earth fault 
on star side 


and must be designed for a phase and earth-fault 
stability up to the maximum value which the trans- 
former can supply to faults on the system. 

Standby earth-fault protection will usually be 
provided for system faults, and this will have an 
inverse time-current characteristic to enable grading 
to be carried out with the other system standby 
earth-fault relays. 

Earth-fault protection on the delta side of the 
transformer should be instantaneous in operation as 
no grading is involved. The protection must be 
designed for a phase-fault stability up to the max- 
imum value of current which can be fed through the 
transformer. 

Frame-leakage protection is an extremely useful 
and sensitive method of protecting a transformer 
against earth faults on either winding, the disadvan- 
tage being that the transformer tank must be lightly 
insulated from earth. The tank is then earthed 
through a single earth connection passing through a 
current transformer, the latter operating on to a 
single-pole instantaneous-type relay. Very low relay 
settings may be employed as no stability requirements 
have to be fulfilled. 


Balanced Protection 


The simplest form of balanced protection is arranged 
on the Merz-Price circulating-current principle, with 
current transformers in the high-voltage and low- 
voltage phase connections. Current transformers 
are connected as shown in Fig. 6, for a star/delta 
transformer, to counteract the phase shift and have 
ratios to suit the power-transformer turns ratio. 
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The scheme will respond to both phase and earth 
faults on either winding. 

Relays are usually provided with a slight inherent 
time delay to avoid operation on the power-trans- 
former magnetizing current in-rush when switching- 
in, because such current, which may be several times 
the full-load value, involves no balancing current in 
the current transformers on the other side of the 
transformer and is therefore indistinguishable from 
a fault. 

Plain circulating-current protection is not suitable 
for power transformers fitted with ratio-adjusting 
tap-change gear since the current transformers can 
be designed for only one particular transformation 
ratio, and it is not usually convenient to alter current 
transformer taps when the power-transformer taps 
areadjusted. There are, however, several proprietary 
makes of balanced transformer protection which are 
designed for use on transformers fitted with on-load 
or off-load taps. 


Gas-Operated (Buchholz) Protection 


Buchholz protection is designed to operate when 
gas is formed by the decomposition of transformer 
oil or insulation material on the occurrence of an 
internal fault. The protection can be fitted only 
to transformers having an oil conservator above 
the main tank as the Buchholz relay must be con- 
nected in the pipe between the conservator and the 
transformer tank. 


FEEDERS 


The protection of feeders consists, for economic 
reasons, very largely of time-graded overcurrent and 
earth-fault protection, although in certain cases 
discussed later it may be economical to install a 
balanced protective scheme with overcurrent and 
earth-fault protection in addition for back-up pur- 
poses. Conventional overcurrent and/or earth-fault 
protection, whilst simple in principle, can be most com- 
plex in application, and in many cases limitations in 
discriminative properties may have to be accepted. 
In the following sections grading of overcurrent and 
earth-fault protection and the general application 
are considered in some detail, and some of the limita- 
tions for standard system arrangements are mentioned. 


Overcurrent and Earth-Fault Protection 
Oil - Dashpot Time Lags — On medium-voltage 
Line volts =! Re Line volts = /3 
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Fig. 6—Balanced protection for a star/delta transformer 
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circuits, up to 660 V., fitted with panel-mounted 
open-type circuit breakers, overcurrent protection is 
usually obtained by means of direct-acting overload 
trip coils fitted with an oil-filled dashpot to provide a 
time delay, as already described (see p. 333). This 
type of protection is of little use for discriminative 
performance owing to the difficulty of obtaining 
selective tripping of circuit breakers connected in 
series on heavy fault currents. 

Time-Limit Fuses—On high-tension metal-clad 
switchgear, current-transformer operated direct-act- 
ing trip coils are available, the coils normally being 
shunted by time-limit fuses to provide an inverse 
time-current characteristic. Time-limit fuses can 
be used on radial feeders to give discriminative 
protection to a limited extent, the extent being 
largely dependent on the total fault-clearance time of 
the circuit breakers employed. 

In general, time-limit fuses are not suitable for 
shunting earth-fault trip coils, as it is difficult to 
design low-current rating fuses with an impedance 
low enough to ensure that the fuse will blow before the 
trip coil operates. This limitation of time-limit fuse 
protection means that earth-fault grading between 
series-connected breakers is not possible with simple 
trip coils. 

Induction-T ype Relays—Current-transformer opera- 
ted induction-type relays (see p. 333) may be used for 
overcurrent and or earth-fault protection, and with 
careful application will give discriminative fault 
clearance in the majority of cases. For economic 
reasons induction-type relays are normally employed 
only on high-tension circuits, but in certain cases 
their use may be justified on medium-voltage circuits 
in place of direct-acting trip coils. } 

Earth-Fault Protection—Earth-fault protection is 
desirable on all circuits below 660V., as the value of 
the earth resistance can easily be such as to limit 
fault currents to values below normal full load, and 
even on higher-voltage circuits it is often an advantage 
to provide earth-fault protection so that low current 
and time settings may be employed to ensure rapid 
fault clearance. Whereas overcurrent protection 
must be graded throughout the whole system, earth- 
fault protection has only to be graded up to the step- 
down transformers, and thus faster operation can be 
achieved. 


Protection of Radial Feeders 


Balanced forms of feeder protection can be used for 
radial feeders, but in many cases time-graded over- 
current and earth-fault protection form the principal 
safeguard. In some cases, however, it may be found 
that, after grading, the overcurrent relay faults near 
to the power-source end will not be cleared fast enough 
to prevent damage to the whole length of cable up to 
the fault point, and in such cases the cost of balanced 
protective gear with short operating time may offset 
the alternative of larger cables. 

Grading of Induction Relays—The system shown in 
Fig. 7 consists of a source of power feeding a remote 
substation at D via three sections of feeder, with 
intermediate substations. The simplest method of 
grading induction relays is carried out on the assump- 
tion that all relays are working in a saturated 


NOVEMBER, 1949 


condition, 7.e., on the flat portion of their charac- 
teristic, and settings are chosen accordingly. Induction 
relays with a definite minimum time range of 0-11 
to 2-2 sec. will be considered, saturation occurring 
at currents in excess of 20 times the plug setting. 

Relay C will be set to operate in the minimum 
time, and relays B and A will be increased by steps 
of 0-5 sec. which will be taken as the discriminating 
time required, as follows : 


Time of Operation with Current Time Mult. 


Relay Setting Mult. of 20 Setting 

C O-ll see. O-11/2-2 = 0-05 
B 0-11 + 0-5 = 0-61 sec. 0-61/2-2 0.278 
A 0-61 + 0-5 = 1-ll sec. 1-11/2-2 = 0-505 


The disadvantage of this seas method of grading 
is the relatively long fault-clearance times for faults 





6kV. 
. ISOmvVA 100 mVA 5OmVA. 25mVA 
(13, OO amo) (87SOamp) (4375amp) (2187amp) 


Fig. 7—Time-graded protection of radial feeders 


near the power-source end of the system. A fault of 
13,100 amp. near substation A and between A and B 
will result in the following clearance time with respect 
to the overcurrent protection at A and assuming the 
relay to be set at 100% : 

Current setting multiplier = 13,100/800 = 16-4 

From Fig. 3 the relay operating time = 

2-3 x 0-505 = 1-16 sec. 

There are other methods of grading which, by taking 
cognisance of the limitation of fault current at the 
various locations, permit lower time multiplier 
settings to be employed, but unless there is a large 
number of relays in series the additional labour in 
calculating the settings is not justified as the saving 
in operating time is dependent on the number of 
steps involved. 

Protection of Ring Mains 

One of the principle advantages of the ring-main 
distribution system is that a fault on one of the main 
cables need not interrupt the supply to any cf the 
substations, and it is therefore desirable that the 
protection should be arranged so that this inherent 
feature is maintained. 

It is obvious that non-directional overcurrent and 
earth-fault protection do not maintain this feature 
since selective grading, if carried out for a fault on one 
section of the ring, will result in maldiscrimination 
for a fault on any other section. The only way in 
which non-directional protection can be applied is 
to leave the ring open at one point and grade the 
protection accordingly, the shortest operating times 
being those on the relays nearest to the open point. 
This method will interrupt the supply to some of 
the substations on the occurrence of a fault, but the 
ring can be closed by hand in a relatively short time, 
and the relays re-adjusted to operate correctly for the 
new condition. In this connection it is recommended 
that relay settings are previously calculated for each 
ring-main breaker in turn being open and that the 
results are recorded for easy reference in case of 
shutdown. 
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Fig. 8—Directional time-graded protection for a ring- 
main system 


If it is desired to keep the complete ring closed to 
maintain continuity of supply to the substations, the 
sections of the ring must be protected either by one of 
the proprietary forms of balanced protection or by 
directional time-graded overcurrent and earth-fault 
protection. Of the two alternatives, balanced pro- 
tection is the simpler in application, and has the 
advantage of virtually instantaneous operation for 
cable faults, the disadvantages being the need for a 
pilot cable between the two ends of the feeder, and 
the necessity to provide time-graded protection in 
addition for back-up purposes. For a typical 6-6-kV. 
or 11-kV. feeder, not exceeding approximately 250 
yards in length, the initial cost of balanced protective 
gear with its pilot cable and back-up relays is less than 
the cost of directional protection at each end of the 
feeder with the associated voltage transformers. 
(If voltage transformers are required for instruments 
or meters this does not apply.) For feeders above 
250 yards in length the cost of the pilot cable becomes 
the limiting feature, and in such circumstances the 
technical superiority of balanced protection must 
be assessed. 

Figure 8 shows a main station feeding four sub- 
stations. The relays on the outgoing feeders at the 
main station are of the non-directional type, since for 
faults on the system the current always flows away 
from the busbars. At the substations the relays are 
directional and are arranged to operate for current 
flow into the associated feeder as indicated by the 
direction of the arrows. 


Protection of Interconnectors 


An interconnector is considered as being a single 
feeder joining two electrically independent systems or 
a feeder so connected that fault current can flow 
in either direction through it. On such a feeder 
non-directional time-graded protection cannot give 
discriminative performance since the required tripping 


sequence will depend on the direction of current flow’ 


in the same manner as that discussed for the protection 
of a ring-main system. 

Balanced forms of protection can be used with 
similar economic considerations as for ring mains, 
or directional time-graded protection can be applied, 
either giving positive discrimination. Balanced pro- 
tection has the advantage of simplicity in application, 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


PROTECTIVE DEVICES 


but cannot normally be justified if voltage trans- 
formers are available for instrument operation. 
Protection of Parallel Feeders 

Figure 9 shows two parallel feeders with a power 
source at one end only. It is assumed that either 
feeder will carry the total load and therefore the pro- 
tective gear must be fully discriminative. If non- 
directional time-graded protection were provided 
on each of the four breakers, the setting of relay C 
would necessarily be identical with that of relay D 
as the system is symmetrical; for a fault on feeder 
BD, current would be fed via the loop ACD and this 
would mean that breakers C and D would be tripped 
simultaneously, thus losing the supply to the substa- 
tion. For such duplicate parallel feeders there are 
three possible methods of protection to give dis- 
criminative operation: (a) Directional time-graded 
protection, (b) parallel feeder protection, and (c) 
balanced protection. 

(a) Non-directional relays are employed only at the 
power-source end, the relays at the receiving end 
being directional and set to operate for fault current 
in the direction of the arrows. This method has the 
disadvantage that relays A and B must be set to grade 
with the protection on the outgoing feeders from the 
remote-end substation and thus have relatively long 
fault-clearance times. Relays C and D can of course 
be set to operate very quickly. 

(b) Parallel feeder protection is an arrangement 
whereby the currents in each feeder at the same end 
are compared, and thus pilot wires are not required, 
the theory being that under healthy or through- 
fault conditions the current in each feeder is identical. 
For the system shown in Fig. 9, the currents at A 
and B are compared in magnitude only and the feeder 
carrying the higher current is tripped. The currents 
at C and D are always the same in magnitude when 
fault current is fed down a healthy feeder via the 
substation busbars to a fault on the other feeder, 
the only change from normal conditions being the 
reversal of current in the faulty feeder. At the 
receiving end, therefore, the currents must be com- 
pared in phase rather than in magnitude, and this is 
achieved by using relays incorporating a directional 
feature. 

Parallel feeder protection of this type is applicable to 
any number of feeders in parallel, and its main advan- 
tage is rapid fault clearance without pilot wires. 

(c) Balanced protection is applicable to parallel 
feeders and will give discriminative operation for all 
fault conditions. It is more simple in operation than 
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Fig. 9—Protection of parallel feeders 
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scheme (b) as each feeder can be considered separately, 
and gives faster fault-clearance times than scheme (a). 


BUSBARS 


All too often the protection of feeders and trans- 
formers is carefully considered to ensure continuity 
of supply to the mills, whilst the protection of busbars, 
which are the most vital and concentrated source of 
power in the whole plant, receives but scant attention. 

If busbars are not arranged with a separate scheme 
of busbar protection, the standby protection on the 
incoming power source equipments must be relied 
upon for fault clearance. The limitations of this 
arrangement are as follows : 


(a) It is not possible to grade the standby 
protection on the incoming units with the protection 
on the bus section breakers with any degree of 
certainty owing to the many running conditions 
and the consequent distribution of fault currents 
which are experienced in practice. It is there- 
fore likely that widespread dislocation of supply 
will result from a busbar fault because of isolation 
of healthy sections of busbar. 

(6) The standby protection will have an appreci- 
able time delay and thus on non-phase-isolated 
switchgear, namely, the majority of metal-clad 
types, a busbar earth fault will spread between 
phases before the protection operates, resulting 
in more serious damage and risk of fire. 

(c) Outgoing feeder equipments may be able to 
supply a limited amount of fault current to the 
busbars, which, although insufficient to operate 
the standby protection, can maintain the fault. 


Notwithstanding these limitations of standby 
protection, busbar protection will in general be justi- 
fied only on the main switchboard, and then only 
if the sectionalizing arrangements are favourable 
to its application. 


Factors for and against Busbar Protection 


Busbar protection is installed (a) to limit damage 
to the switchgear and the system, and (b) to ensure 
continuity of supply. 

In considering damage to the switchgear and 
system, it is necessary to take into account the type 
of switchgear employed and its physical arrangement. 
For example, phase-isolated cellular switchgear is 
better able to withstand the effect of a busbar fault 
until cleared by the standby protection than is metal- 
clad gear. The comparatively long time delay before 
clearance takes place will not normally cause undue 
trouble since the fault is unlikely to spread between 
phases and the current will thus be limited by the 
system earthing resistances. 

The ability of a correctly designed scheme of busbar 
protection to maintain a measure of continuity of 
supply to the mill is, in the authors’ opinion, the main 
consideration. The arrangement of the busbars, 
and particularly the means for sectionalizing them, 
will decide the extent to which continuity of supply 
will be maintained. For example, a bank of single 
busbar switchgear with no sectionalizing circuit 
breakers cannot maintain any continuity of supply, 
for if a fault occurs on the busbars, the bars must be 
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made ‘dead’ and thus busbar protection cannot be 
justified. 

If however, duplicate busbars are provided, a 
fault on one bar, if cleared promptly before the other 
bars are damaged, will allow the circuits to be trans- 
ferred to the healthy bar with only a brief interruption 
of supply. Again, for switchboards sectionalized 
into two or more sections by means of automatic 
bus section breakers, the provision of busbar pro- 
tection is a definite advantage as the healthy sections 
are left in operation with complete continuity of 
supply. 

It has been argued that the inherent reliability of 
modern switchgear installations is such that protection 
against busbar faults is unnecessary. Most busbar 
faults, however, are not caused by failure of the switch- 
gear insulation, but by incorrect operation, a feature 
involving the unpredictable human element. 


Requirements of a Busbar Protective Scheme 


The essential requirements of a busbar protective 
scheme are : 

(a) Rapid operation. 

(b) Selectivity in operation so that only the 
faulty section of busbar is isolated. 

(c) Absolute reliability in operation so that 
hazards of false tripping do not result. 

(d) Simplicity of principle, permitting main- 
tenance by non-specialist staff. 

The importance of rapid operation has already been 
mentioned, the danger with time-delayed schemes 
being that earth faults may spread to involve two or 
more phases. Selectivity in operation is an essential 
requirement as it is the principal reason for installing 
busbar protection; and reliability in operation is 
essential because, unlike other protective schemes, 
a false operation will isolate a whole section of switch- 
gear, resulting in extensive dislocation of supply. 
It is for this reason that the design of busbar pro- 
tection warrants particular care, and in some cases a 
check feature is justified with duplication of relays to 
minimize the chance of an incorrect operation. 


Busbar Protective Schemes 


Busbar protection can be divided into two main 
classes: frame-leakage, and balanced protection. 
The first class will respond to earth faults only, 
whilst the second can be designed to respond to phase 
and earth faults or to earth faults only. 

The choice of a busbar protective scheme is a 
specialized problem on which manufacturers, with 
their experience of the schemes available, combined 
with a knowledge of the physical arrangement of 
any particular switchgear installation, should be 
asked to give recommendations. 

It is often an advantage to separate physically the 
sections of switchgear by means of a fire-proof barrier 
on each side of the bus section equipments, as by this 
means a busbar fault on one section, possibly resulting 
in fire or explosion, does not spread to the healthy 
sections. 

The salient features of the schemes available are 
briefly considered in the following sections. 

Frame-Leakage Protection—For this scheme the 
switchgear must be lightly insulated from earth. 
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The dry concrete foundation block of metal-clad 
switchgear can be considered adequate insulation 
between earth and the pedestal legs of the equipments, 
although some engineers prefer a porcelain mounting, 
but care must be taken to ensure that the floor- 
fixing bolts are not near reinforcing steelwork, and 
any oil pipes or conduit to the switchgear must include 
an insulated section and separate earthing arrange- 
ments. 

Each side of a bus section breaker may be insulated 
as a separate zone of protection, but if required, it 
may be included in one or other of the section zones 
by insulating on one side only. 

A typical scheme is shown in Fig. 10. This consists 
of a two-section switchboard, with an automatic bus 
section breaker, the installation being divided into 
three zones as indicated. A neutral check scheme 
has been incorporated such that before operation of 
the tripping relays can result, current must flow in 
the main system neutral earthing connection as well 
as in the earthing connection on the switchgear. 
If there is not a neutral connection available, a core 
balance current transformer over the incoming feeder 
cables will fulfil the same purpose. 

For duplicate busbar switchgear fitted with frame- 
leakage busbar protection, it is not usually possible to 
discriminate between faults on the main busbars and 
faults on the auxiliary busbars ; but if, as is usual, 
the auxiliary busbar acts as standby to the main 
busbar, only one being in use at any one time, this 
discriminating feature is unnecessary. 

Current - Balance Protection — Current - balance 
schemes of busbar protection are much more flexible 
in application than the frame-leakage schemes, no 
special physical design of the switchgear being 


Insulation 


necessary and, as previously mentioned, it can be 
designed to respond to phase faults. 

Several proprietary schemes of balanced busbar 
protection are available, but in the authors’ opinion, 
the plain summation scheme indicated in Fig. 1], 
using simple attracted-armature instantaneous-type 
relays, has much to commend it, and has been 
successfully applied to switchgear installations of all 
ratings up to 2500 mVA. at 132 kV., with an excellent 
operating record. The main virtue of the scheme is 
its extreme simplicity, and it can be thoroughly 
understood by non-specialist maintenance staffs— 
a point that cannot be over-emphasized with any type 
of protective gear. 

The principle of operation of the scheme is that all 
currents entering the busbar zone are balanced against 
those leaving the zone. Under healthy conditions 
these are equal, whereas under busbar fault conditions 
a proportion of the difference current will flow through 
the main protective relay. A neutral check scheme is 
usually provided to ensure that tripping will occur 
only under true busbar fault conditions. If necessary, 
discrimination can be obtained for faults on the main 
and reserve busbars of a duplicate busbar installation 
fitted with bus selection isolators, but this introduces 
complications to the current-transformer paralleling 
arrangements and is not essential if, as previously 
mentioned, one set of busbars is provided solely to 
act as a standby to the main busbars. 


MOTORS 


It is not intended in this paper to deal exhaustively 
with the different forms of motor protection and the 
different types of relay designed for this purpose, 
but rather to examine the fundamental reasons for 
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Fig. 10—Frame-leakage busbar protection 
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which protection is required and the advantages and 
disadvantages of present methods, and to put forward 
suggestions for future development. 

With the exception of large machines, often associ- 
ated with motor-generator sets, exciter sets, ampli- 
dynes, etc., the protection provided for most small 
motors consists of overcurrent relays, either of the 
solenoid type with some restraining device, giving an 
inverse time-—current characteristic, or of the thermal 
type, the latter being used in this country mostly 
with squirrel-cage motors. 

Restraining devices for solenoid-type relays have 
been dealt with in other papers, but it may be pointed 
out that oil dashpots are used almost exclusively, 
with the possible exception of air-diaphragm or 
mechanical-clockwork type time-delay devices. The 
value of these various devices is discussed later in 
the paper, but it is considered that the problems of 
protection are best approached first of all by a con- 
sideration of the basic reasons for which motors 
require protection, rather than to consider what is 
necessary to ensure compliance with specifications 
which, in fact, were not intended to influence the 
characteristics of overload protective relays. 


Protection of Three-Phase Squirrel-Cage Induction 
Motors 

The function of starters and control gear in general, 
considered as protective devices, is limited to the pro- 
tection of the motor against mechanical overloading 
(see B.S.S. 587). Therefore it is proposed to consider 
only what is necessary to protect the motor when 
running under various loads and when stalled both 
under normal three-phase conditions and when 
one line is open and the motor operates under single- 
phase conditions. 

The modern squirrel-cage motor is a very robust 
and inexpensive general-purpose machine, produced in 
very large quantities, not exceeding 10 h.p. for the 
bulk of the production. Starting is nearly always by 
direct-on line switching. This type of motor is the 
least vulnerable of all motors in that there is no 
commutator or slip rings and hence only the danger of 
damage to the insulation of the windings due to heat 
has to be considered. 









































e < D E F G 
—- pe fe) 
k boot xk 6k OX 
Summation| C.T' 
EEE [3 ERE = EXE 
4 Vv | i Sd 





—--~-—--—__ ++ 


Neutral 
& | check CTs 
] 











| 























i; 
t | instantaneous 
lao) Instantaneous [la] apes — 
= summation reloys = =z }neutral chec 
meal relays 
Trip Trip 
ra e! 
= ce it d-~ —F Tripping 
_ t— 
. “DD g—~D relays 
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In modern machines, with a cast aluminium rotor 
conductor, the rotor is almost indestructible and 
hence only the stator winding need be protected. 
As only heating has to be considered the important 
factor is that causing temperature rise, namely, the 
integral of the square of the current and the time of 
its application. In this, the squirrel-cage motor 
differs essentially from the D.C. motor or any machine 
with a commutator where one of the limiting features 
is the current which can be commutated safely without 
injury to brushes or commutator, which current 
is almost independent of time of application, or of the 
previous loading of the machine. 

Heating of the stator of a squirrel-cage motor is the 
result of heat generated in the windings due to 
I?R loss, heat generated in the surrounding iron, 
and heat transferred from the rotor across the air gap. 
Cooling will depend on heat radiated from all surfaces 
and on the cooling effect of the air blown through the 
motor by the fan or fans. The heat generated in the 
iron depends on the voltage and frequency applied 
and is hence a more or less constant quantity. The 
heat generated in the windings varies as the square of 
the current, and heating in the rotor varies roughly 
in the same way. 

The existing motor specification, B.S.S. 168, covers 
both A.C. and D.C. motors and hence is drawn up in 
such a way that little information on the heating 
characteristics of squirrel-cage motors can be derived 
from it. In fact, it is stated that the specified values of 
excess current and torque are intended as a check on 
the ability of the machines to withstand momentary 
overload without injury and it is not intended that 
they shall govern the characteristics of the protective 
devices in the control gear. As these same values 
are used for both A.C. and D.C. machines the values 
must be such that a D.C. machine can sustain the 
load without commutation trouble, a limitation which 
does not affect the squirrel-cage motor. B.S.S. 168 
does, however, state that the temperature rise of the 
motor windings with class A insulation measured by 
thermometer shall not exceed 40°C. in a 40°C. 
ambient and that in a 35° C. ambient the motor, after 
having attained the temperature rise corresponding to 
its rated load, shall carry 25°{% overload in torque for 
15 min., 30 min., or 2 hr., according to rating. 

This fixes the maximum continuous-operating 
temperature of the windings as 80° C. and it is reason- 
able to assume that with the 25° overload at least 
10° C. rise in excess of the full load will be attained, 
which means with 35° C. ambient a final temperature 
of 85°C. There is no limit in B.S.S. 168 as to the 
frequency with which the 25% overload may be 
applied. These thermometer readings are measured 
on the outside of the insulation of the motor windings 
and in view of the temperature gradient through the 
insulation it is probable that the copper temperature 
will be higher by more than 10° C. 

These figures may be regarded as the maximum 
that it is desirable to reach regularly throughout the 
life of the motor, but as insulation deterioration is a 
function of time it may be taken as satisfactory if 
an overload relay prevents the motor winding tem- 
perature from exceeding a maximum figure of 100° C., 
measured by thermometer. American investigators 
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indicate that class A insulation will stand considerably 
higher temperature : Hobart* gives the life expectancy 
of class A insulation at 110°C. as 11 years, and 
Scott and Thompsont give the life expectancy at 
135° C. as 345 days, and state that there is no risk 
of abrupt failure below 200°C. It therefore seems 
that 100°C. is a good target figure, giving a safe 
margin for any hot spots in the winding, bearing in 
mind that the motor windings will remain at the 
tripping temperature for only a fraction of a minute 
per operation of the overload relay, t.e., for a matter 
of minutes per year of motor life. 

From this brief survey it is obvious that the time 
taken for the motor windings to attain a given tem- 
perature, if a given overload is applied, depends on a 
number of factors beside the watts loss in the winding 
and the mass of copper in the winding, for example : 
(a) Whether the motor is running or stalled, (5) 
whether the motor has just started from cold, and 
(c) if the motor has been running for some time, what 
previous loading has been applied to it. 

Factor (a) is equivalent to saying that when the 
motor is stalled and carrying stalled motor current, 
its thermal time constant will be less than when 
running, as there will be no air cooling. The heat 
generated will therefore all be available to raise the 
temperature of the copper and insulation except for 
that lost by conduction to the surrounding iron. 

(6) If the motor has just started from cold, not 
only the copper of the windings, but also the iron 
surrounding the slots, will bé at a low temperature. 
Hence, the heat generated in the windings has both to 
raise the temperature of the windings, and to supply 
losses of heat by conductance through the insulation 
to the surrounding cold iron. In addition the air 
cooling losses have to be supplied. 

(c) If the motor has been running for some time, 
the iron will have reached a steady temperature and 
the heat loss by conduction from the motor winding 
will be less than in the case of (6), although it will 
exist. The temperature of the copper in the windings 
will depend on the previous load and this will, of 
course, be the major factor in determining the time 
necessary to reach the given temperature. In 
addition the air cooling losses have to be supplied. 

Some of the factors, such as the weight of copper in 
the windings, are easily calculated, but as many are 
not simply evaluated it is preferable to carry out 
experiments with typical motors to obtain the neces- 
sary data on which to base the design of protective 
relays which will cover all conditions of service. 

Tests to Determine Maximum Safe Heating Con- 
ditions—To determine the maximum safe heating 
conditions certain tests were made on standard 
1-h.p. and standard 10-h.p. squirrel-cage, enclosed 
ventilated motors. The most important points 
to be determined were the rate of heating under 
stalled motor conditions, the rate of heating under 
some convenient running overload, and the rate of 
heating when running under single-phase conditions 





*H.M. Hobart, ‘‘ Electric Motors,”’ vol. 1, p. 392, 3rd 
edition. London, 1923: Pitman. 

tJ. A. Scott and B. H. Thompson, Transactions of the 
American Institute of Electrical Engineers, 1942, vol. 61, 
July, p. 499. 
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with approximately full-load torque. From this 
information it would be possible to deduce the 
characteristics of a relay to protect the motor fully. 

To determine the heating under stalled motor 
conditions D.C. current was used. There is no objec- 
tion to this as the J?R loss is so high compared 
with the iron losses that the latter have no appreci- 
able effect during the short time necessary to raise the 
temperature of the winding to 100°C. The running 
overload chosen was 150% full load on A.C. power, 
and the heating was measured very carefully after the 
motor had attained a steady temperature at full load. 
To ensure that no error would be introduced by a 
broken run the motor was given a series of tests 
with the overload applied for 5 min., 10 min., 15 min., 
and 20 min. To enable the complete characterist:c 
curves to be drawn, values were obtained for a num- 
ber of intermediate points by applying direct currents 
of the required value to the stalled motor. Such 
readings may be regarded as quite accurate for the 
high overloads with the motor stalled, but will 
probably indicate a too rapid rise in temperature for 
overloads which do not stall the motor. 

Tests were carried out under two conditions with the 
motor stalled and passing direct currents of various 
values : 

(a) With copper and iron cold so as to determine 
the heating experienced when the motor is first 
switched on, and in particular to determine the 
protection needed if the motor cannot start, 
or if overloads are applied immediately after the 
motor has started. 
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TIME OF APPLICATION OF OVERLOAD, MIN 
Curve A—10-h.p. motor, running on 50% overload, A.C. 
Curve B—10-h.p. motor, stalled with 56% overlead, D.C. 
Curve C—1-h.p. motor, running on 56% overload, A.C. 
Curve D—1-h.p. motor, stalled with 50% overload, D.C. 


Fig. 12—-Comparison of heating with motor running on 
A.C., and stalled with equal D.C. current in wind- 
ings. Tests taken from hot condition 
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(b) With copper and iron raised to the normal 
full-load temperature by a previous run on A.C. at a 
voltage higher than normal so as to determine the 
heating experienced when a hot motor has to be 
restarted or if overloads are applied under normal 
working conditions. 

Results of Three-Phase Tests—The temperature rise 
was obtained by measuring the D.C. resistance of the 
motor windings. Figure 12 shows the motor heating 
when a load of 150% full load is applied to a motor 
already at a 40° C. rise under normal load. 

The A.C. curves for the 10-h.p. and 1-h.p. motors, 
A and C respectively, indicate that for the first 20 
min. the rate of rise is almost steady although rather 
surprisingly it is less for the smaller motor. The 
10-h.p. motor reaches 60°C. (a rise of 20°C. above 
full-load temperature) in 13-3 min. and 70° C. (a rise 
of 30° C. above full-load temperature in 19-7 min.). 
The D.C. curves show the higher initial rate of heating 
due to the lower time constant of the stalled motor, 
and indicate that in the limit the rotor and iron 
losses would raise the temperature higher under A.C. 
loading than under D.C. For higher overloads the 
A.C. and D.C. curves will tend to show less divergence 
until the two curves will coincide under stalled motor 
condition. 

Figure 13 shows the times taken for the motor to 
attain a temperature of 100°C. in a 40°C. ambient 
(a 60°C. rise). The important points, namely, 
stalled motor condition, 150° full-load condition, 
and single-phase operation against full-load torque, 
are ringed. Except for the stalled motor condition 
these points are detemined from tests using A.C. 
power. Curves A and A] are for the motors starting 
from cold, and curves B and BI are for the motors 
after having attained a 40° C. rise by operating under 
normal load. 

Figure 14 is similar to Fig. 13, but is based on an 
ambient temperature of 30° C. (a more usual summer 
temperature in this country), and the time taken for 
the motors to attain a final temperature of 100° C. 
(i.e., a 70°C. rise). The important points are ringed 
in the same manner as in Fig. 13. 

A comparison of Figs. 13 and 14 indicates the differ- 
ence in the safe time of loading of motors caused by 
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Fig. 13—Three-phase motor heating curves in 40°C. 
ambient ; 60° C. rise to give 100° C. total tempera- 
ture 





NOVEMBER, 1949 


variation in ambient temperature. Curves C and Cl 
(Fig. 14) give the operating times for an ideal relay to 
protect these motors, and are based on the relay 
tripping at any current in the time taken by the motor 
to reach 100°C. with 25% greater current (j.e., 
the relay trips with 160°, full load in the time taken 
for the motor to reach 100°C. with 200% full load). 
This margin of 25°% limits the accuracy of relays 
specified in B.S.S. 587, and also any variations in 
setting, etc., that may occur, to + 10%. 
Protection of Three-Phase Squirrel-Cage Motors 
against Single-Phasing 
So far only the heating of a three-phase motor 
when operating on a three-phase circuit has been 
considered, but it is necessary also to consider the 
conditions that obtain when one line is open-circuited 
and the motor continues to operate on single phase. 
Firstly, overload relays are usually connected in the 
lines and hence any difference in the ratio between 
line and phase currents will alter the degree of pro- 
tection which it is possible to give. Secondly, 
owing to changes in its characteristics, the motor will 
not start and the pull-out torque is reduced to about 
1 or 1} times normal full-load torque, while at full- 
load torque the line current will be 2-1 to 2-2 times 
normal. Thirdly, the heating conditions of the wind- 
ing are modified, since the current, and therefore the 
heating, is no longer the same ineach phase. Fourthly, 
the magnetic field ceases to be a rotating field and 
becomes an alternating cne which increases the rotor 
losses and the iron losses in the stator. 
The ratios between line and phase currents are as 
follows for star and delta connections : 
Star Phase'Line Ratio 
3-phase 1 in each phase 
l-phase 1 in two phases and zero in third phase 
Delta 
3-phase 0-579 
l-phase 0-66 in one phase, 0-33 in other two 
phases. 
Hence, for the same line current, the phase current in a 
delta-connected motor is 15°, higher in one phase 
than normal but, as already mentioned, the heating 
is modified owing to the lower rate of heating in the 
other two phases which carry only 53% of the three- 
phase current. 
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Fig. 14—Three-phase motor heating curves in 30°C. 
ambient ; 70° C. rise to give 100° C. total tempera- 
ture 
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Curve A—10-h.p. motor, D.C. test, single phase. Line current 
45 amp., max. phase current 30 amp. 
Curve B—10-h.p. motor, D.C. test, three phase. Line current 
38 amp., phase current 22 amp. 
Curve C—10-h.p. motor, D.C. test, three phase. Line current 
52 amp., phase current 30 amp. 
Curve D—10-h.p. motor, A.C, test, single phase. Line current 
53 amp., max. phase current 39 amp. 
Curve E—10-h.p. motor, D.C. test, three phase. Line current 68 
amp., phase current 39 amp. 
urve F—l-h.p. motor, A.C. test, single phase. Line current 
6-6 amp., max. phase current 4°95 amp. 
Curve G—1-h.p. motor, D.C. test, three phase. Line currént 8-55 
amp., phase current 4°95 amp. 
Curve H—1-h.p. motor, D.C. test, three phase. Line current 6-6 
amp., phase current 3-8 amp. 


Fig. 15—Comparison of heating of motors under three- 
phase and single-phase operation. Full load (1-h.p. 
motor) = 3-1 amp. line ; full load (10-h.p. motor) 
= 25-2 amp. line 


The effect on the heating of the motor of the changes 
in the magnetic field, as well as the effect of the uneven 
distribution of current in the three phases, can most 
readily be determined by experiment. 

The heating conditions in the star-connected 
motor will be easier than under three-phase conditions, 
as no heat will be generated in one phase of the stator 
winding. For this reason no tests were taken on 
this arrangement. 

If a motor is switched on to a line with one phase 
dead, the motor will not start and hence the only 
condition that can arise is the case of a stalled motor, 
when the J?R loss will be the only factor of importance 
as the iron loss and rotor loss will have little relative 
effect. If a motor is running three-phase and one 
line fails, then the motor will continue to run, but 


it will draw a higher current from the line, and the iron . 


and rotor losses will increase, thus making this the 
most dangerous condition and therefore the one 
which should be the subject of tests. 

Results of Single-Phasing Tests—The results are 
recorded in Fig. 15. The first test carried out is 
recorded as curve A. In this case 30-amp. D.C. were 
passed through the most heavily loaded phase, and 
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15 amp. were passed through each of the other phases 
to simulate the condition of single-phase operation 
with 45 line amp. and 30 amp. in the most heavily 
loaded phase. Curves B and C show the heating 
experienced under three-phase conditions with line 
and phase currents of 38 amp. and 22 amp. in the case 


of curve B and of 52 amp. and 30 amp. in the case of 


curve C. These curves indicate that, comparing /?R 
losses only, the heating under single-phase conditions 
is less than that occurring under three-phase conditions 
with the same line current, being more nearly pro- 
portional to the /*?R losses in the whole motor. 

The effect of the higher iron losses and higher 
rotor loss is however very marked in the case of the 
A.C. heating curves for the 10-h.p. and the 1-h.p. 
motors, D and F respectively. Compared with 
three-phase heating curves for equal line current and 
equal phase current, it will be noticed that under 
single-phase conditions the heating curves are lower 
than with three-phase heating with the same phase 
current, but are higher than with three-phase heating 
with the same line current. 

These A.C. heating tests were carried out in the 
same manner as the three-phase A.C. heating tests, 
except that the switching arrangements were slightly 
modified to enable the resistance of the phases to be 
determined separately. The readings were taken in 
every case within a few seconds of switching-off 
the A.C. power, and all precautions possible were 
observed to get these figures accurately because of 
the importance of protecting motors under this 
condition. The points are plotted in Figs. 13 and 14. 

It would appear from these tests that the heating 
of a three-phase motor, when operating under single- 
phase conditions, does not increase above that obtained 
under three-phase conditions with a 15% higher 
line current, even in the most heavily loaded phase 
of a delta-connected motor. Alternatively, with a 
motor taking full-load current from the line on single 
phase, the heating in the most heavily loaded phase 
with a delta-connected motor is less than the heating 
under three-phase conditions at 125° full load. 


Conclusions from Tests on Squirrel-Cage Motors 


In summarizing, it may be said that the protection 
of squirrel-cage motors must be based on a study of 
the motor characteristics, and the motors studied 
here are standard machines typical of 1 to 10-h.p. 
machines supplied in bulk to comply with B.S.S. 168. 
With totally enclosed, and totally enclosed, fan-cooled, 
motors the time constant will be somewhat higher 
than with the protected motors tested, but this will 
merely increase the safety factor. 

Since a simple thermal relay can be designed to 
have a characteristic not vastly different from the 
ideal plotted in Fig. 14, this is the best method of 
protection under both normal and_ single-phase 
conditions, and it fulfils the desirable conditions 
of being both reasonably robust and cheap. It is, 
however, important that the back-up fusing shall 
be properly carried out and that the relays shall 
be correctly set. 

Any protective device must be sufficiently robust 
not to be, in itself, a cause of failure, and its cost 
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must not be more than a reasonable insurance of the 
prospective cost of motor rewinds if the protection 
is omitted. It may be argued, as mentioned pre- 
viously, especially where a large number of motors 
of the same rating are used, that it is cheaper to save 
the cost of protective devices and to invest in spare 
motors instead, but this course has sometimes 
proved disastrous. 

It is frequently stated that there is no need to have 
a relay which follows the motor characteristic, 
provided that it will trip after a very short time lag. 
Actually a relay with a short time lag causes much 
trouble with squirrel-cage motors since operators and 
maintenance men become impatient of constant 
tripping of the motors on loads within their capacity, 
and set the relays so high that all protection is lost ; 
hence when the motor is overloaded or single-phasing 
occurs, the motors burn out and the overload relays 
are criticized as being unreliable. 

Considerable confusion of thought similarly exists 
with regard to the protection against single phasing, 
it being widely believed that the heating of the most 
heavily loaded phase increases as fast as the change in 
ratio between phase and line volts, and that there 
is a further increase of heating due to the increased iron 
and rotor losses. 

The squirrel-cage motor is most vulnerable when 
it is stationary, as not only is the rate of heating very 
high but, because of the lack of coolng air, the 
equivalent time constant of the motor is much less 
than under running conditions. Hence, any device 
tending to reduce the sensitivity of the relay durmg the 
starting period is dangerous, and the use of saturable 

ransformers or the provision of devices to short-out 

relays during starting is to be deprecated. Often 
such devices are introduced to avoid trouble due to 
starting peaks on thermal relays which have not 
sufficient heat capacity to match reasonably the 
motors with which they are used. 

As already pointed out, control gear is not designed 
to take care of system faults, and fuses must always be 
installed to give this protection. The performance 
of such fuses should be checked with the characteristics 
of thermal relays to ensure that up to and including 
stalled motor current the relay will trip-out the control 
gear before the fuse operates, while on currents much 
in excess of this value the fuse will blow before the 
relay and control gear operates. With H.R.C. fuses 
a fuse rating of three times the motor full load is 
usually satisfactory. 


Protection of D.C. Motors and Wound Rotor Induction 
Motors 

Very little effort has been made in this country 
to standardize on thermal protection for D.C. machines 
or A.C. wound rotor machines. There are no diffi- 
culties due to high starting currents, as for squirrel- 
cage motors, and it has become almost standard 
practice to use solenoid-type relays with inverse time— 
current characteristics. These relays can usually 
take care of the maximum overloads permissible to 
ensure satisfactory commutation for D.C. machines. 
It is obvious, however, that many of the advantages 
inherent in thermal protection for squirrel-cage 
machines apply equally well to D.C. and to A.C. 
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Curve A—Motor starting from ambient 
Curve B—Motor starting from hot condition after full-load run 


Fig. 16—Heating of 1-10-h.p., squirrel-cage motors to 
give 70° C. rise in 30° C. ambient, compared with 
solenoid-type overload relay set at 125°), full-load 
current 

wound rotor motors, and in the U.S.A. thermal 

protection is widely used for these also. 

Solenoid-type Overcurrent Relays 

The most common form of general-purpose over- 
current relay is the solenoid type, fitted with a restrain- 
ing device to provide an inverse time-current charac- 
teristic, and suitable for carrying the high starting- 
current peaks of squirrel-cage motors for normal 
starting times. The restraining device is usually in 
the form of an oil dashpot. As an overload relay, 
especially for squirrel-cage motors, it has certain 
inherent defects (see p. 333) : 

(a) It takes no account of the motor heating, 
and the tripping time is independent of the duty 
cycle of the motor. 

(b) It has a wide range of adjustment, and the 
setting value can be increased easily, so that, 
in effect, the relay can provide practically no 
motor-overload protection at all. 

The characteristic curves in Fig. 16 give the max- 
imum safe heating of typical squirrel-cage motors up 
to 10 h.p. approximately, starting both cold and hot, 
together with the tripping characteristic of a solenoid- 
type overcurrent relay fitted with an oil-dashpot 
time-delay device. The relay is set to trip at a 
minimum of 125% full-load current. 

Thermal Overload Relays 

The thermal-type overload relay was designed 
originally, in its simplest forms, for protection of 
squirrel-cage motors against overheating, and in 
principle it is superior to the solenoid type for this 
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purpose. Most of the designs available for protecting 
small motors were intended to form part of a small 
mass-produced direct-on contactor-type starter, and 
cost and size had to be kept at a minimum. Such 
devices were not built for use in steelworks, but they 
are nevertheless frequently found in steelworks, 
often owing to the complications of the ordering 
routine or because the device in question, in spite of 
known disadvantages, was considered to be the most 
suitable for the application. However, in the authors’ 
experience, thermal overload relays do not enjoy a 
high reputation in steelworks, often due to the fact 
that creepages on moulded insulation are too small 
for the site conditions, although quite satisfactory 
for general use in factories. Other points that may 
well be criticized are : 


(a) The range of adjustment, without changing 
the size of thermal element fitted, is small, especi- 
ally when compared with the range obtainable 
on solenoid-type relays. This may be considered 
an advantage from the point of view that it is 
difficult to set the relay so high that all reasonable 
motor protection is lost, but it is often an embarrass- 
ment to the maintenance staff. 

(6) The meaning of the calibration marking is 
obscure since it is a difficult and lengthy process to 
check the setting of the relay. With a solenoid- 
type relay with oil dashpot, for instance, it is well 
understood that the relay will trip without oil, 
that is, without the time-delay feature, at a 
minimum current corresponding to the value at 
which the relay is set. No such easy interpretation 
is possible with the thermal relay since the time- 
delay feature is inherent ; and further, in making 
any test, consideration must be given to changes in 
ambient temperature. 

(c) The construction of the thermal relay is 
such that certain parts, the correct shapes of 
which are essential to the satisfactory performance 
of the relay, can be easily bent. This is done 
sometimes in order to increase the range of adjust- 
ment and can result in damage to the relay ; 
for instance the heater elements may run at an 
excessive temperature and their life will then 
be shortened. 

(d) The heater elements of the thermal relay 
must be protected by fuses, preferably of the 
H.R.C. type, correctly rated, otherwise they are 
likely to act as fuses themselves in the event of a 
fault. This is considered to be one of the most 
usual causes of failure of thermal relays. 


Thermal relays usually depend on the deflection 
due to changes in temperature of a bimetallic strip, 
heated by the motor current or by a current pro- 
portional to the motor current, this current being 
passed directly through the bimetallic strip or through 
a separate heating element fixed against or around 
the bimetallic strip. In some designs both methods 
are employed and varying characteristics are thus 
obtained. Further cooling blocks of metal may 
be fitted to the bimetallic strip to increase its time 
constant and to assist in matching the relay charac- 
teristic more closely to that of the motor which it is 
designed to protect. The relays are sometimes fed, 
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especially in the larger sizes, from transformers or 
shunts, the former having low saturation values 
when desired. 

The bimetallic strip is arranged to operate the trip- 
ping contacts of the relay, either directly or through 
a latching mechanism, so that the contacts can be 
self-resetting or of the hand-reset type. 

Another form of thermal overload relay is the 
‘solderpot’’ type, in which the tripping contacts 
are held together by a soldered joint, usually employ- 
ing a low-melting-point solder, heated by a separate 
heating element. This relay is essentially a latched 
or hand-reset type. 

Some designs of three-phase thermal overload 
relay, using bimetallic strips, are arranged so that 
the movement of the tripping mechanism by the 
bimetallic strips is magnified when only two of the 
three heater elements are carrying current, thus 
giving a shorter time delay under single-phase con- 
ditions. 

The characteristic curves in Fig. 17 give the 
maximum safe heating of typical squirrel-cage 
motors up to approximately 10 h.p., starting both 
cold and hot, and together with the tripping charac- 
teristic of a thermal-type overload relay, starting 
both cold and hot. It will be seen that this relay 
allows the real overload capacity of the motor to be 
used to a greater extent than does the solenoid relay, 
the characteristic curves of which have been shown in 
Fig. 16. 

The tripping characteristic curve of a thermal 
overload relay of simple construction cannot always 
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Curve A—Motor starting from ambient 

Curve B—Motor starting from hot condition after full-load run 

Curve C—Relay starting from ambient 

Curve D—Relay starting from hot condition after full-load run 

Fig. 17—Heating of 1-10-h.p. squirrel-cage motors to 

give 70°C. rise in 30°C. ambient, compared with 
characteristics of thermal-type overload relay set 
at 125%, full-load current 
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be matched closely enough to the maximum safe 
heating curve of larger squirrel-cage motors, especially 
when employed to drive loads of high inertia and 
with long starting times of 20 sec. or more. In 
such cases a more elaborate relay is required. This 
may be fed from a current transformer, the secondary 
current of which is passed through the bimetallic 
strip in parallel with a shunt and through a heater 
which is associated with a cooling block. The shape 
of the time-current characteristics can be varied as 
desired by changing the heater resistance, the resis- 
tance of the bimetallic strip, and the mass of the 
cooling block. A relay of this type is particularly 
suitable for large machines, the cost of which justifies 
the manufacture of special relays having characteris- 
tics which match those of the machine in question. 
CONTACTOR RATINGS 

In B.S.8S. 587 a contactor is defined as “‘ a switch 
suitable for frequently opening and closing the circuits 
of electrical apparatus.’ Contactors, usually the 
electro-magnetic type, are so widely used in control 
gear in steelworks that a review of the specified ratings 
is advisable, especially since they are often used, 
with solenoid-type overload relays, as protective 
devices. Solenoid-type relays can, of course, trip 
in an extremely short time—almost instantaneously 
on heavy overload or fault currents—and unless the 
back-up protection has been properly assigned, 
the contactor may attempt to open a current greatly 
in excess of its rated breaking capacity. Contactors 
are designed primarily for frequent operation, as 
declared in B.S.S. 587 and 775, and have only a 
limited breaking capacity. This is tending to increase 
as a result of improved design, but it is not equal to 
that of circuit breakers, which are designed primarily 
to obtain high breaking capacity, but for less frequent 
operation. 

According to B.S.S. 775, the maximum making 
and breaking capacities of enclosed A.C. and D.C. 
contactors, over the range of rated carrying capacities 
of 5 to 1000 amp., vary as follows : 

A.C. triple-pole contactors at 
400 V., 0-75 to 0-8 p.f. lagging : 6-10 times rated 
carrying capacity 
D.C. single-pole contactors at 
460 V., earthed neutral non-inductive : 
rated carrying capacity 
D.C. double-pole contactors at 
460 Y., earthed neutral non-inductive : 
rated carrying capacity. 

For enclosed starters with overload trips different 
values are specified for breaking capacities, as distinct 
from making capacities, the latter being less, with the 
exception of direct-on starters for squirrel-cage 


2-4 times 


3-6 times 


motors. Typical breaking capacities are as follows : 

A.C. contactors: 6 x F.L. current of motor at 
0-4-0-5 p.f. 

D.C. contactors: 4 x F.L. current of motor at 


0+4-0°5 p.f. 
Lower making and breaking capacities are specified 
for contactors employed on less onerous duties. 

The circuit conditions under which a type test 
should be taken are covered by the specified power 
factor for A.C. contactors, but no such guidance 
is given for D.C. contactors. A D.C. breaking 
capacity given merely in amperes at a given voltage 
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can be most misleading, since the breaking capacity 
in a circuit with little inductance may be four or 
five times the figure obtained on a test circuit with 
increased inductance. 

To provide a basis for specifying D.C. breaking 
capacities, it has been suggested that the load circuit 
inductance should be based on the following formula : 
Inductance (henries) = 

K x rated volts x 60 


Rated amp. x 7 x No. of poles x r.p.m. 
This has been found to give fairly accurate results as 
regards armature inductance for typical motors from 
15 h.p. to 200 h.p., where K varies from 0-4 to 0-6, 
depending on the type of motor. 

In the case of series-wound motors the inductance of 
the series field may be three to five times as great as 
that of the armature alone. 

Typical values of armature inductance at normal 
current for D.C. motors of the types usually employed 
in steelworks have been found to vary approximately 
from 0-002 to 0-006 henries at 50 h.p., and from 
0-001 to 0-002 henries at 200 h.p. 
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with characteristic of solenoid-type overload relay 
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It is suggested that some revision to the specifi- 
cations governing the breaking capacity of D.C. 
contactors is desirable. Due allowance for the limited 
breaking capacity of contactors must be made when 
deciding upon the type of associated overload relay, 
and the type of back-up protection. 

GRADING OF PROTECTION BETWEEN MOTOR 
OVERLOAD RELAYS AND FEEDER PROTEC- 


TION 
It is usual practice to feed individual motors on 


a multi-motor drive from individual circuit breakers, 
having overcurrent trips, or from fuses, usually the 
H.R.C. type. It is necessary to grade the protection 
afforded by such breakers or fuses to the time-current 
characteristics of the overload protection fitted to the 
control equipments of the. individual motors. A 
consideration of the characteristic curves in Figs. 18 
and 19 emphasizes the need for care in this matter. 

It will be seen from Fig. 18 that a standardized 
breaker having a nominal maximum rating corres- 
ponding to the full-load current of the motor would 
trip in advance of a solenoid-type motor overcurrent 
relay, set to trip at a minimum of 125% full-load 
current. This would be the case even if the breaker 
were set at its maximum setting of 250°, full-load 


current. A breaker having a maximum rating of 


twice the full-load current of the motor would be 
more suitable, and this would have to be set at the 
150% setting. 

In the case of fuses, the characteristic curves can 
be matched to those of the motor overload relays in a 
similar manner, as has been shown by Lythall. 
This can be achieved more satisfactorily with H.R.C. 
fuses than with the rewirable type. The guiding 
principles are : 

(a) The fuse or breaker should not function 
below the peak currents taken by the motor in 
normal operation, including stalled motor current 
for squirrel-cage motors. 

(b) The fuse or breaker should open in advance 
of the motor overload relays on currents in excess 
of those taken by the motor in normal operation, or 
in excess of the breaking capacity of the contactors 
controlled by the motor overload relays. . 

(c) Thermal overload relays should be self- 
protecting up to the limits of current determined by 
(b), that is to say the relay must trip before the 
heaters are damaged by the excess current. Ther- 
mal relay heaters can be made self-protecting up to 
6 to 10 times full load-current without the use 
of current transformers. 
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Figure 19 shows a typical motor overload relay 

curve with an associated H.R.C. fuse. 
RECTIFIERS 

The use of rectifiers for many applications where a 
D.C. supply is required is steadily increasing, not 
only for new installations, but also where increased 
capacity is required for existing ones, using rotary 
converters or generators, with which the rectifiers 
have to work in parallel. The rectifier has a higher 
efficiency than rotary converters or generators, 
except at low voltages, say, below 250 V.; it has 
a lower maintenance cost, and requires lighter build- 
ings and foundations. It cannot regenerate into 
faults on the A.C. supply. On the other hand it 
cannot absorb regenerated power from the D.C. load, 
so that special load-absorption schemes have to be 
used when regeneration can take place. D.C. 
voltage variation can be obtained by grid control, 
but not quite so simply as by field control of genera- 
tors. Figure 20 shows a layout of a simple rectifier 
installation for constant-voltage output. 

Protection on the A.C. side of the rectifier trans- 
former is usually provided by an induction-type relay, 
with inverse time-current characteristic, and the 
addition of an instantaneous A.C. overload trip, 
with a high setting of about three to four times full- 
load current, to take care of the large currents which 
can flow in the anode circuits under fault conditions. 

In the case of glass-bulb rectifiers, fuses of the 
H.R.C. type are often fitted in each anode circuit. 
This is due to the fact that this type of rectifie: 
cannot withstand the effect of heavy fault currents 
and backfires as well as can the steel-tank rectifier, 
and the H.R.C. fuse is the fastest means of interrup- 
ting the circuit. For some installations, using large 
steel-tank rectifiers, high-speed breakers are used. 
one in each anode, in place of an arc-suppression 
scheme. 

Protection on the D.C. side is afforded by a breaker, 
preferably of the high-speed type for the large: 
sizes, and arranged to trip on reverse current. This 
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takes care of D.C. current which may be fed into a 
backfire from other rectifying or converter plant 
working in parallel on the same busbars, and it dis- 
connects the defective rectifier automatically. This 
D.C. breaker must be set to trip in advance of the 
A.C. overload protection of any other rectifying or 
converting plant working in parallel. 

Are suppression by applying negative bias to the 
grids, and thus interrupting the forward current from 
the anodes on the occasion of a fault or overload on 
the D.C. system, or a backfire, can be effected by a 
special high-speed relay. 

Where plant is supplied from a number of rectifying 
units working in parallel, protection employing arc 
suppression enables any one unit to be taken off 
load while a backfire is cleared, and put back into 
service automatically after a delay of only about 
a second, with no interruption of the D.C. supply 
to the plant. Backfires can be caused by excessive 
overload or temperature and consist of the failure 
of the rectifying action of one anode. This results 
in overload current being drawn from the A.C. 
supply and in D.C. current being fed into the backfire 
from any other rectifying or converting plant which 
may be connected in parallel. However, with modern 
rectifier designs, backfires have been almost elim- 
inated, but owing to the heavy fault currents which 
can flow under these conditions suitable protection 
must be provided. 

In installations when the plant can regenerate 
and feed power back on to the D.C. busbars, it may be 
necessary to provide a loading resistance. This can 
be automatically connected across the  busbars, 
either under the control of a relay which operates a 
contactor, or by electronic devices, when regeneration 
takes place. 

CRANES 

Overhead travelling cranes, fed from trolley wires, 
are usually provided with a circuit breaker mountéd on 
the crane itself and supplying all the motions. There 
may be more than one crane on the same set of trolley 
wires and, particularly in such cases, the tripping 
value of the circuit breaker feeding the trolley wires 
may be very high, compared with that of the circuit 
breaker mounted on one of the cranes. Since the 
crane circuit breakers are often of the contactor type 
it is possible that the minimum tripping value 
necessary for the breaker feeding the trolley wires 
may be greater than the breaking capacity of the 
breakers installed on the cranes, unless this point 
is carefully watched when the breaker ratings and 
overload settings are being selected. 

Each motion on a crane may be provided with a 
circuit breaker which may form part of a contactor 
control equipment. Such an arrangement is advisable 
where it is not desired to shut down the whole crane, 
if any one motion trips on overload. With this 
arrangement there may still be provided, in addition 
to the individual motor circuit breakers, a main 
circuit breaker on the crane. The breaking capacity 
of the individual contactor-type circuit breaker 
fitted to the motion having the smallest horse-power 
may easily be less than the minimum tripping value 
of the main circuit breaker unless the appropriate 
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ratings and settings are chosen with care. Therefore, 
under certain conditions of overload, destructive 
arcing may occur on the motor circuit breakers, 
while the higher breaking capacity of the main circuit 
breaker will not be available. 

On smaller cranes it is usual to employ a crane 
protective panel, especially where the individual 
motions are controlled by drum controllers. In 
such cases individual overload relays for each motion 
are provided and are arranged to trip the one main 
circuit breaker, which is usually of the contactor 
type, so that, if any one relay trips, the whole crane 
will be shut down. It is usual to assign the carrying 
capacity of these breakers on an intermittent basis 
to take care of the conditions arising when the two 
largest motors on the crane are werking at the same 
time. With this arrangement the full breaking 
capacity of the main circuit breaker is employed 
to take care of faults on even the smallest motor on 
the crane. 

Overload relays on cranes are usually fitted with 
inverse time-lag devices of the oil-dashpot type, 
but sometimes, as an extra precaution, overload 
relays of the instantaneous type are connected in 
the main feed to all motors, in addition to the indivi- 
dual motor relays. The current setting of such relays 
must necessarily be high since the accelerating peaks 
of the individual motors may be 2} to 3 times full 
load, and it has to be assumed that the two largest 
motors on the crane will be working at the same time. 

In addition to the main incoming circuit breaker 
mounted on the crane, a main current isolating 
switch is necessary, which may include main current 
fuses. 

TESTING AND MAINTENANCE 

Protective gear differs from most other forms of 
electrical equipment in that for the major part of its 
life it quite rightly plays a passive part. If, however, 
it is called upon to operate, it must be instantly 
available and must function correctly after a long 
period of inactivity. 

Maintenance requirements will depend on the 
degree to which the equipment is exposed to dust- 
laden atmospheres and on economic considerations. 


Maintenance Programme 

Maintenance engineers will be familiar with carding 
systems to ensure regular and efficient maintenance 
of general items of electrical plant, but how often is 
such a system applied to protective gear? Whilst 
regular servicing of motors will tend to reduce the 
possibility of faults, it is obviously desirable to devote 
as much effort to servicing the protective devices. 
Frequent maintenance and inspection should be 
carried out as follows, the various items being checked 
as appropriate : 

(a) Thoroughly clean all open-type switchboards and 
the inside of relay cases to remove dirt and metallic 
dust. 

(6) Inspect relay contacts and clean where neces- 
sary. 

(c) Check freedom of relay moving parts. 

(d) Examine fuses for breakage due to ageing o1 
clamping arrangement. 

(e) Clean dashpots and check oil level. 

(f) Polish time-limit fuse clips. 
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At less frequent intervals the following electrical 
tests should be made : 

(g) Check insulation resistance of the installation, 
including any current transformers, relays, pilot wires, 
etc., care being taken first to remove any earth con- 
nections. 

(h) Check continuity of relay operating coils, prefer- 
ably by passing current through the current-trans- 
former primary winding if suitable means are provided. 

(j) Check that closing the relay contacts will trip 
the appropriate breaker or breakers. 

About every 12 months after the initial commis- 
sioning of protective gear, full-scale tests should be 
made on each installation, this being particularly 
necessary on balanced protective gear where, for 
example, a broken connection can cause a faulty 
operation. The following tests will serve as a brief 
guide : 

(a) Check relay timing to its characteristic curve, 
when passing a known current through the operating 
coil. 

(b) Check operating current of balanced protective 
gear. This is best carried out by primary injection 
testing, but secondary injection may be considered 
satisfactory. 

(c) Measure relay coil currents with the equipment 
on normal load. 


PRECAUTIONS DURING MAINTENANCE TESTS 


If possible, testing should be carried out with the 
equipment out of commission and adequately 
earthed, but if the apparatus protected must remain 
in service, care must be taken that the breakers are 
not accidentally tripped as a result of tests on the 
protective gear. To this end trip fuses or links should 
be arranged so that the protective apparatus. being 
tested cannot cause a trip, but so that if possible 
a measure of protection is retained from a standby 
scheme. 

At the completion of tests all fuses and links should 
be replaced in the correct positition, care being taken 
that all relays have first been reset. It is useful to 
connect a voltmeter across the trip-fuse terminals 
before replacing the fuse ; a reading will indicate that 
insertion of the fuse may trip the breaker. 

If the equipment has been made dead and earthed 
for testing, care must be taken that the earths are 


removed before making the apparatus alive. This 
may seem a very elementary precaution, but numerous 
cases have occurred where it has been forgotten. 


CONCLUSION 


The question of protective schemes and apparatus 
for steelworks is one of the many in which there is 
much scope for co-operation between operating 
engineers and makers of electrical equipment. It 
is desirable for makers to maintain close touch with 
the performance of apparatus in service so that 
designs may be constantly improved. 

The degree of protection provided should be influen- 
ced primarily by past records or service, together with 
an assessment of the economic considerations involved ; 
complete protection can seldom be justified and it 
should be the aim of the protective-gear engineer to 
provide a reasonable compromise based on sound 
principles and reliable protective apparatus. 
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THE IRON AND STEEL INSTITUTE 
Autumn General Meeting, 1949 


The Autumn General Meeting of The Iron and Steel 
Institute wiil be held on Thursday and Friday, 10th and 
llth November, 1949, at the Offices of the Institute, 
4 Grosvenor Gardens, London, 8.W.1. The President, 
Sir ANDREW McCance, LL.D., D.Se., F.R.S., will 
be in the Chair. 

The programme of the Meeting is as follows : 


Thursday, 10th November, 1949 
10.0 a.m. to 1.15 p.m.—Morning Session 
10.0 to 10.15 A.m.—Formal business. 
10.15 to 11.15 a.m.—Presentation of the following 
papers : 

‘**Open-Hearth Furnace Models. Part I—Flow 
Patterns in Ducts,” by J. H. Chesters and A. R. 
Philip (August, 1949). 

‘* Part II—Flow Visualization and Photography,” 
by R. 8S. Howes and A. R. Philip (August, 1949). 

‘* Part III—Flow Patterns in Model Furnaces,”’ 
by I. M. D. Halliday and A. R. Philip (August, 1949). 

‘* Experiments on Gaseous Mixing in Qpen- 
Hearth Furnace Models. Part I—Maerz,” by 
R. D. Collins and J. D. Tyler (August, 1949). 

‘** Experiments on the Gas and Fluid Flow in a 
Side-Blown Converter Model,” by M. P. Newby 
(August, 1949). 

(A Film by The United Steel Companies, Ltd. 
will also be shown). 

11.15 to 11.45 a.m. 
in the Library. 

11.45 a.m. to 1.15 p.m.—Joint Discussion on papers. 

1.30 to 2.30 p.m.—Buffet Luncheon in the Library. 


Interval: Light refreshments 


2.30 to 5.0 p.m.—Afternoon Session 
2.30 to 3.30 p.m.—Discussion on ** Mechanical Proper- 
ties of Low-Carbon, Low-Alloy Steels Containing 
Boron,” by W. E. Bardgett and L. Reeve (Novem- 
ber, 1949). 

3.30 to 5.0 p.m.—Joint Discussion on the following 
papers : 

‘Further X-Ray Study of 
Diagram of the Fe—Ni System,” 
and Y. H. Liu (October, 1949). 

‘Free Energy and Metastable States in the 
Fe-Ni and Fe-Mn Systems,” by F. W. Jones and 
W. I. Pumphrey (October, 1949). 

‘* Microscopical Studies on the Iron—Nickel—Alumi- 
nium System. Part I—Alloys and Isothermal 
Sections of the Phase Equilibrium Diagram,” 
by A. J. Bradley (September, 1949). 

“Constitution of Iron—Nickel—Chromium Alloys 
at 650° to 800° C.,”” by W. P. Rees, B. D. Burns, and 
A. J. Cook (July, 1949). 
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Friday, 11th November, 1949 
10.0 a.m. to 1.30 p.m.—Morning Session 


10.0 to 11.15 a.m.—Discussion on ** The Compression 
Test in Relation to Cold Rolling,’ by N. H. Polakow- 
ski (November, 1949). 

11.15 to 11.45 a.m.—Interval : 
the Library. 

11.45 a.m. to 12.45 p.m.—Discussion on ‘“ Change of 
Electrical Resistance During the Strain Ageing 
of Iron,” by A. H. Cottrell and A. T. Churchman 
(July, 1949). 

12.45 to 1.30 p.m.—Time permitting, Discussion on 
“Plastic Strain and Hysteresis in Drawn Steel 
Wire,” by R. 8S. Brown (June, 1949). 

1.30 to 2.30 p.m.—Buffet Luncheon in the Library. 


Light refreshments in 


2.30 to 5.0 p.m.—Afternoon Session 

2.30 to 4.15 p.m.—Joint Discussion on the following 
papers : 

* Investigations on an _ Experimental Blast- 
Furnace,” by H. L. Saunders, G. B. Butler and 
J. M. Tweedy (October, 1949). 

** Distribution of Materials in the Blast-Furnace. 
Part I1—Compensated Charging,” by H. L. Saun- 
ders and R. Wild (September, 1949). 

“A Radio-Active Technique for Determining 
Gas Transit Times in a Driving Blast-Furnace,” 
By E. W. Voice (November, 1949). 

4.15 to 5.0 p.m.— Discussion on “ The Effect of Sodium 
Oxide Additions to Steelmaking Slags. Part I— 
Use of Soda to Dephosphorize Pig Iron at 1400° C.,” 
by W. R. Maddocks and E. T. Turkdogan (July, 
1949). 

(The issue of the Journal in which each paper is published 
is given in brackets after the paper). 


Fifty Years Ago 


On 17th November, 1899, Her Majesty Queen 
Victoria granted a Royal Charter to The Iron and 
Steel Institute. The President at the time was Nir 
William Roberts-Austen. 


NEWS OF MEMBERS 


> Mr. D. C. Brow, who was wrongly stated in the 
News Section of the September issue to have left Messrs. 
Fraser and Chalmers Engineering Works, has joined the 
scientific staff of the G.E.C., Wembley, Middlesex, but 
retains his appointment as assistant metallurgist at 
Messrs. Fraser and Chalmers Engineering Works, Erith. 
> Mr. D. R. G. Davies took up the position of Chief 
Metallurgist at the Redbourn Works of Messrs. Richard 
Thomas and Baldwins, Ltd., Scunthorpe, on Ist October. 
> Mr. E. T. Grit, of Messrs. Edgar Allen and Co., Ltd., 
Sheffield, has joined the Climax Molybdenum Company of 
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Europe, Ltd., as Metallurgical Engineer, as from Ist 
October, 1949. 

> Dr. D. W. Gittings has left B.I.S.R.A., and joined 
the Headquarters staff of the Scientific Department of 
the National Coal Board, on 3rd October, 1949. 


CONTRIBUTORS TO THE JOURNAL 
W. E. Bardgett, B.Sc, AM.1MechE., F.1M.-- 


Research Manager of the Central Research Laboratories, 
Research and Development Department of The United 
Steel Companies, Ltd. Mr. Bardgett received his 
technical education at the Royal Technical College, 
Glasgow, and obtained the 

degree of B.Sc. of London - 

University, in 1926. He re- 
ceived his initial experience at 
Messrs Colvilles, Ltd., where 
he served in the chemical 
laboratory, heat-treatment 
department, and, finally, in 
the Research Department, 
where he later specialized in 
heat-resisting steels, and de- 
veloped the Barr-Bardgett 
creep test. 

In 1933, Mr. Bardgett took , 
up an appointment as Chief 
Metallurgist, under the late 
Dr. Swinden, in the Depart- 
ment where he now is, and was appointed to his 
present position in 1945. 

He is a member of the B.I.S.R.A. Inclusions Sub- 
Committee, Alloy Steels Research Committee, Metallurgy 
(General) Divisional Panel, and is Chairman of the 
Sheet Metal Working Committee. He is also a member 
of committees of the B.S.I., the B.E.A.I.R.A., M.I.R.A. 
Gear Panel, and the Inter-Service Metallurgical Re- 
search Council Ferrous Metals Committee. 

He is a Member of Council of the Institution of Metal- 
lurgists, a Past-President of the Sheffield Metal- 
lurgical Association, and an Associate Member of The 
Institution of Mechanical Engineers. 


A. W. ‘Tozer, A.M.LE.E.—Technical Assistant 
Engineer at the B.T.H. Switchgear Works, Willesden, 
London, N.W.10. Mr. Tozer received his technical 
education at Willesden Technical College, London, and 
gained the Higher National Certificate in Electrical 
and Mechanical Engineering. He took a five-year 
apprenticeship at the British Thomson-Houston Com- 
pany’s Willesden and Rugby Works, and an additional 
two-year post-apprenticeship course in protective gear 
engineering. He took up his present position in January, 
1945, where he is dealing with all types of protective 
gear for industrial and power systems. 
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N. H. Polakowski, Dipl.Ing.—Is working on cold 


deformation of metals, at the University College of 


Swansea, under Professor H. O’Neill. Mr. Polakowski 
was born in 1914, in Niezyn, Ukraine, and was educated 
in Poland. He studied in the Faculty of Mechanica! 
Engineering (Metals Technology Division) at the 
Technical University of Lwow, and received the degree 
of Diploma Engineer, in 1938. He then became a 
machine designer and, later, production engineer in 


metal working factories in East Poland. At the end of 


1943 he left German-occupied territory and eventually 
arrived at Moscow. He was placed in charge of the 
metal processing department of the central automotive 
workshops, and remained in that position until April, 
1945, when he was arrested for alleged subversive 
activities, and sentenced by court martial to seven 
years’ imprisonment. In March, 1947, Mr. Polakowski 
was pardoned, and he was appointed manager of a 
rolling mill department in works in Upper Silesia. He 
left Poland secretly in October, 1947, and arrived, with 
the assistance of The Iron and Steel Institute, in England 
in July, 1948. Since that time he has been working on 
problems of cold deformation of metals at the University 
College of Swansea, mainly on engineering aspects of 
the mechanism of deformation and their application to 
practical shaping processes. 

Mr. Polakowski’s association with the Institute began 
in 1939, when arrangements had been made with 
Professor C, A. Edwards, F.R.S., at that time Principal 
of the University College of Swansea, for him to come 
to Swansea under an Andrew Carnegie Scholarship in 
September, 1939. The outbreak of war rendered this 
impossible, but the scholarship was renewed in 1948. 


THE IRON AND STEEL ENGINEERS 
GROUP 


The ELEVENTH MEETING of the Iron and Steel Engi- 
neers Group will be held at 4 Grosvenor Gardens, Lon- 
don, 8.W.1, on Wednesday, 14th December, 1949. 

A Buffet Luncheon will be held in the Library in 
connection with the Meeting. 

The Morning Session will be devoted to the presenta- 
tion and joint discussion of the following papers : 

‘** Electric Generation and Distribution in Steel 
Works,” by T. Coxon (Consett Iron Co., Ltd.). Copies 
of the paper will be available before the Meeting. 

‘* Protective Devices for Electrical Systems in 
Steelworks,’’ by H. V. Benns and A. W. Tozer 
(British Thomson-Houston Co., Ltd.). Published 
in this issue. 

At the Afternoon Session, the following paper will 
be presented and discussed : 

‘** The Lay-Out of Integrated Iron and Steel Works,”’ 
by H. H. Mardon and J. 8. Terrington (B.I.8.R.A.). 
Published in the April, 1949, issue of the Journal. 


TRANSLATION SERVICE 


(The previous announcement was made in the October, 
1949, issue of the Journal, p. 216). 
TRANSLATIONS AVAILABLE 


No. 387 (Russian). O. V. ZARuBrNA and M. L. Turicu : 


‘* Temperature and Humidity Factors in the 
Corrosion of Metals in Sulphur Dioxide Atmos- 
pheres.” (Zhurnal Prikladnoi Khimii, 1948, 
vol. 12, Apr., pp. 362-371). 

No. 388 (Russian). G. V. Kurpgumov and O. P. Maxsr- 
mova: ‘‘ The Kinetics of the Transformation 
of Austenite into Martensite at Low Tempera- 
tures.”” (Doklady Akademu Nauk S.S.S.R., 
1948, vol. 61, Part 1, pp. 83-86). 
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MINERAL RESOURCES 


Petrology of the Northampton Sand Ironstone Formation. 
J.H. Taylor. (Department of Scientific and Industrial Re- 
search, Memoirs of the Geological Survey of Great Britain, 
1949: H.M. Stationery Office). 

Study of the Characteristics of the Iron Ore of Otanmaki 
(Finland) from an Exploitation Point of view. K. Jarvinen. 
(Centre de Documentation Sidérurgique, 1948, Traduction 
No. 584; Circulaire d’Informations Techniques, 1948, vol. 5, 
Oct. 25, pp. 411-417). This is a translation into French of 
the article which originally appeared in Finnish in Suomen 
Kemistilehti, 1948, vol. 21, No. 3, pp. 59-65. (See Journ. 
I. and S8.1., 1949, vol. 161, Apr., p. 371). 

Brazil—-Country of Unlimited Wealth. J. Sanz y Diaz. 
(Metalurgia y Electricidad, 1949, vol. 13, Apr., pp. 39-40). 
{In Spanish]. A brief geographical description and historical 


outline begin the article. There follows a short survey of 


Brazil’s mineral products and some brief production figures 
for the Volta Redonda works.—R. s. 


ORES—MINING AND TREATMENT 


Agglomeration as a Method for the Magnetic Roasting of 
Iron Ores. W. Budryk. (World Technical Conference and 
Congress, Cairo: Przeglad Techniczny, 1949, Mar.—Apr., 
pp. 77-80). (In Polish]. 

Differential Thermal Analysis Applied to the Study of 
Oolitic Iron Ores. S. Caillére and F. Kraut. (Bulletin Technique 
des Mines de Fer: Institut de Recherches de la Sidérurgie, 
Publication Series A, 1949, Feb., No. 4). The authors applied 
the Saladin/Le-Chatelier method of differential thermal 
analysis to the study of oolitic iron ores, the mineral consti- 
tuents of which may be divided into three groups, namely, 
hydroxides and oxides of iron, iron carbonates, and iron sili- 
cates. After indicating briefly the reactions that may occur 
when minerals are heated, they describe their observations 
during the analysis of minerals of the above three groups 
that are found in sedimentary iron deposits and during the 
analysis of a number of deposits from various sources. They 
conclude that thermal analysis alone is not always able to 
identify the constituents in oolitic iron ores, but is a useful 
supplementary test to other methods of examination. Micro- 
scopic examination must also be carried out. Nevertheless, 
the method does reveal the essential characteristics of a 
mineral and even those of the deposit as a whole.—a. E. Cc. 

Magnetic Roasting of Low-Grade Iron Ores and Iron Sands. 
(Iron and Coal Trades Review, 1949, vol. 158, June 17, 
pp. 1349-1351). An account is given of the operation of a 
pilot plant at Praschkau, Landsberg, Germany, for the 
roasting and magnetic concentration of low-grade iron ores. 
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Results are presented of tests on north Silesian iron sands 
and on brown iron ores and waste muds.—J. C. R. 

Concentration of Oxide Manganese Ores from Northeastern 
Utah, Daggett Chief and Gray Hawk Properties. KR. Havens 
and J. A. McAllister. (United States Bureau of Mines, 1949, 
Jan., Report of Investigations No. 4389). The results of 
jigging, tabling, flotation, and sintering tests on samples of 
low-grade manganese ore from two deposits in Utah are 
presented and discussed.—R. A. R. 

Power Distribution and Utilization in a Large Iron Ore 
Beneficiation Plant. A. F. Gettelman. (Transactions of the 
American Institute of Electrical Engineers, 1948, vol. 67, 
Part II, pp. 1726-1732). The selection of voltage levels for 
generation and main distribution, and for large and small 
motors is discussed and a system is described suitable for a 
plant requiring 3500 h.p. for crushing, 18,000 h.p. for concen- 
trating, and 8000 h.p. for sintering.—r. A. R. 


FUEL—PREPARATION, PROPERTIES, AND USES 

On the Surface Theory of Combustion. F. Bejna. (Ban- 
yaszati és Kohiszati Lapok, 1949, vol. 4, Apr., pp. 147-155 ; 
May, pp. 195-202). [In Hungarian]. The author analyses 
the results of combustion experiments carried out with fuel 
oil on the basis of a theory of surfaces with the object of 
finding the relation between the quantity of the burned fuel, 
time, flame size, and temperature. He shows that, by 
analysing the influence of variations of the individual factors 
on sections in various planes, the interrelation of these factors 
can be determined. He distinguishes between the normal 
surface combustion for which the flame concentration (the 
amount of fuel burnt per minute per unit of flame surface) 
is constant, the temperature increasing with increasing flame 
area, and the isothermic combustion for which the intensity 
of the whole flame is constant but the flame concentration 
varies and becomes smaller if the flame size increases. If 
the size of an isothermic flame is reduced, the decrease is 
accompanied by an increased flame concentration, a higher 
temperature, and a greater liberation of heat. According to 
calculations for a given practical example the flame tempera- 
ture of a fuel-oil flame increases from 1228° C. to 1800° C. 
if the flame size is reduced from 31 to 10 sq. em. This 
increase has been confirmed experimentally. It is likely that 
similar results would be obtained with gaseous fuels as gases 
mix with air more thoroughly than fuel oil. The results 
obtained lead to the conclusion that the temperature obtained 
can be considerably increased by reducing the flame size 
without it being necessary to preheat the gas and/or com- 
bustion air. As the flame concentration controls the tem- 
perature obtained and heat released, the author recommends 
that burners and furnaces be designed to permit regulation 
of the flame concentration.—s. a. 
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Research on Gas Mixtures: Some Substitutes in Conti- 
nental Steelmaking. (Chemical Age, 1948, vol. 59, Dec. 4, 
pp. 753-754: Fuel Abstracts, 1949, vol. 5, Apr., pp. 127-128). 

The Production Aspects ot Fuel Efficiency at Corby Iron 
and Steel Works. A. Stirling. (Journal of the Institute of 
Fuel, 1949, vol. 22, Feb., pp. 166-174). The principal 
characteristics of the lean Northamptonshire ores which are 
of practical importance in iron making are mentioned and 
the need for close control of crushing and blending explained. 
The degradations in recent years in the quality of coking 
slacks and metallurgical coke are described in relation to 
their effect on coke usage in the Corby blast-furnaces. The 
principles of acid-burdening are outlined, and data are given 
to illustrate the consistency of the heat input to the blast- 
furnaces when allowance has been made for the ash content 
of coke. Full-scale experimental data are reported for a 
heat balance in a modern basic-Bessemer converter. 

Flow Measurement. K. Kessels. (Archiv fiir das Eisen- 
hiittenwesen, 1949, vol. 20, Mar.—Apr., pp. 79-106). The 
paper is in three parts. In the first, the fundamentals of flow 
measurement are briefly stated and the principal formule 
presented. The ‘standard equation’ is modified to suit 
practical requirements, and an expression for absolute mois- 
ture content in kg./cu. m. is substituted for the relative 
moisture. The factors affecting accuracy of measurement are 
examined and an example is worked out to show the appli- 
cation of the formula. The second part deals with the 
design and construction of orifice plates, nozzles, venturi, and 
pressure-difference-measuring lines. The third part (16 
pages) consists of charts and tables to simplify the calcula- 
tions.—R. A. R. 

Thermal Analysis of the Contra-Flow Regenerative Heat 
Exchanger. C. E. Iliffe. (Institution of Mechanical Engin- 
eers, Mar., 1949, Preprint). There is renewed interest in the 
regenerative heat exchanger for use with the gas turbine. 
In this paper the author explains the calculations for making 
a thermal analysis of a contra-flow regenerative heat ex- 
changer.—R. A. R. 

The Fracture of Solids—Random Fracture of Solids and 
Natural Frequency Distributions. R. L. Brown. (British 
Rheologists Club: Metallurgia, 1949, vol. 39, Mar., pp. 
277-278). The fracture of coal in its relation to the size 
distribution of the fragmented pieces is discussed. It is 
shown that when the size distribution of broken coal deviates 
from the natural distribution, further rough handling of a 
consignment tends to promote natural size distribution. 
A formula is given for the weight-size distribution based 
on the fracture of cracked brittle solids.—nr. A. R. 


Method of Determining the Suitability for Concentration 
of Coking Coals by the Content of Ash and of Sulphur. T. G. 
Fomenko. (Zavodskaya Laboratoriya, 1949, vol. 15, Apr., 
pp. 436-438). [In Russian]. A procedure is described for 
estimating the suitability of a given type of coal for concen- 
tration, in which the sulphur as well as the ash contents 
of the various fractions to which it gives rise are considered. 
By this method the best conditions for coal preparation 
can be chosen and the sulphur content of the prepared 
coking coal can be reduced. The method, which has been 
in use for a year, was tested with a series of coals from the 
Don basin, and the calculated concentration for one of them 
is given, a graphical representation also being shown.—s. kK. 

ion Effects in Coke-Oven Batteries. (Coke and Gas, 
1949, vol. 11, Mar., pp. 101-107). Expansion problems in 
the construction of coke-oven walls and regenerator dividing 
walls are considered and expansion curves (by M. C. Petit) 
are presented. The Coppée method of controlling differential- 
expansion effects where the ovens of silica brick are built on 
a substructure of semi-silica brick is described.—R. A. R. 

The Combustibility of Coke. N. P. Chizhevskii and D. M. 
Chernyshev. (Bulletin de Académie des Sciences, Classe 
des Sciences Techniques: 1948, Bulletin and Foundry Ab- 
stracts of the British Cast Iron Research Association, 1949, 
vol. 9, Mar., p. 409). No simple relation is found between 
the productivity P of a blast-furnace and any of the charac- 
teristics of the coke, ¢.e., S = total surface area of the lumps, 
V = volume of the free space between lumps, or R = com- 
bustibility = rate of the reaction C + O,-—+ CO, (per unit 
surface area). There is, however, a simple relationship 
between P and the criterion K = (V + 1)/SR; empirically, 
P increases roughly linearly with K. This expression can 
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be related to Syskov’s formula for the volume of the oxidation 
zone in the blast-furnace. 

Approximate Method for the Determination of the Vapour 
Pressures of Technical Oils. G. V. Kopelevich and M. Ya. 
Finkel. (Zavodskaya Laboratoriya, 1949, vol. 15, Apr., 
pp. 479-480). [In Russian]. An account is given of the 
determination of the vapour pressures of oils by measuring 
the change in weight of a sample which occurs when a known 
volume of air is passed through it at a suitable temperature. 

S. K. 


TEMPERATURE MEASUREMENT AND CONTROL 


The Fundamentals of Pyrometry. W. H. Steinkamp. 
(Industrial Heating, 1948, vol. 15, Oct., pp. 1689-1694, 
1813-1817 ; Nov., pp. 1922-1928; 1949, vol. 16, Mar., pp. 
432-442). In Part I the manifestations of heat are listed 
and it is shown to what extent these can be applied to measure 
temperature. The principle of the thermocouple is explained 
with notes on the characteristics of several couples, and 
methods of measuring the e.m.f. are described. In Part II 
the ‘‘ Electronik’’ continuous-balance potentiometer is 
described. In this, the potential produced by the thermo- 
couple is not applied to a galvanometer but is converted to 
alternating current, amplified by electronic means, and 
applied directly to actuate the balancing motor which moves 
the slide-wire contact and the pointer or pen. Temperature 
changes as small as 0-06° F. in a range of 100° F. can be 
continuously recorded with a simple mechanism. Part III 
is concerned with radiation pyrometry and emissivity ; the 
Radiamatic tube pyrometer is described in detail.—R. A. R. 

Automatic Temperature Control of Slot or Batch Type 
Forging Furnaces. E. A. Murphy. (Steel Processing, 1948, 
vol. 34, Nov., pp. 609-611). A description is given of equip- 
ment for controlling the temperature of a furnace for heating 
billets. It consists of a *“‘ Radiamatic ”’ radiation receiving 
instrument fixed in the furnace wall in which a lens focuses 
the radiant energy on a thermopile, an *‘ Electronik ’’ potentio- 
meter (see preceding abstract), and a pneumatic diaphragm 
valve controlling the supply of gaseous fuel to the furnace. 

R. A. R. 

Thyratron Automatic Temperature Regulator for Labora- 
tory Electric Heaters. S. A. Ginzburg. (Zavodskaya Labora- 
toriya, 1949, vol. 15, Mar., pp. 369-372). [In Russian]. An 
automatic temperature regulator for use with laboratory 
electric furnaces is described, equations and a circuit diagram 
being given to show its characteristics.—s. k. 

Measurement of the Temperature of Salt Baths. N. J. 
Brykushin. (Zavodskaya Laboratoriya, 1949, vol. 15, Mar., 
pp. 374-375). [In Russian]. The use of a specially protected 
radiation pyrometer for measuring the temperature of molten 
salt baths is briefly described.—s. kK. 


REFRACTORY MATERIALS 


Definitions of Refractory Terms. (American Iron and 
Steel Institute, 1949, Jan., Contributions to the Metallurgy 
of Steel No. 24). This booklet contains a glossary of terms 
relating to the refractories used in American steelworks. 

R. A. R. 

The Firing of organ pa Clays.—I. L. Hachet. (Schweiz. 
Ton.-Industr., 1948, vol. 51, No. 6, p. 5: British Ceramic 
Abstracts, 1949, Jan.—Feb., p. 94). 

The Production of Silica Bricks for the Roofs of Electric 
Furnaces for the Upper Isetski Works. A. A. Berezhaya 
and A. G. Prokopeva. (Ogneupory, 1948, vol. 13, p. 181: 
British Ceramic Abstracts, 1949, Jan.—Feb., p. 22a). 

Proposed Standard Top Sleeve Brick. ( American Iron and 
Steel Institute, 1948, May, Contributions to the Metallurgy 
of Steel No. 23). Details are given of the dimensions of 
proposed standard stopper-rod sleeve bricks.—R. A. R. 

Some Effects of Zinc and Carbon Monoxide on Fire-Clay 
Refractories. R. F. Patrick and R. B. Sosman. (Journal of 
the American Ceramic Society, 1949, vol. 32, Apr. 1, pp. 
133-140). No experimental proof could be obtained that 
zine has any disintegrating action on blast-furnace fireclay 
brick. Zine and zinc oxide, however, act as mild catalysts 
for the decomposition of carbon monoxide to form carbon 
dioxide and carbon, a reaction which has been abundantly 
proved, when catalysed by iron, to be a prime cause of dis- 
integration of fireclay brick. The carbon deposited by the 
reaction is crystalline graphite. 
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Higher Forming Pressures Improve Dry Press Refractories 
Properties. J.O. Everhart. (Brick and Clay Record, 1948, 
vol. 113, No. 2, p. 72; British Ceramic Abstracts, 1949, 
Jan.—Feb., p. 584). 

Some Considerations in the Use of Carbon Refractories in 
Blast Furnaces. W. S. Debenham. (Ceramic Age, 1948, 
vol. 52, p. 24; British Ceramic Abstracts, 1949, Jan.—Feb., 
p. 60a). Although data are still lacking on some of the 
thermal properties of carbon, it is agreed that it will resist 
deformation under a 25-Ib. load at over 1705° C. Experience 
justifies its use in the hearth and expectations are that it 
will minimize ‘ salamander’ formation and break-outs to 
the extent of obviating any question of relining completely 
or from the mantel up. Under certain conditions cost should 
not prevent its use in stack linings, especially considering 
its resistance to disintegration by carbon monoxide, and its 
resistance to alkali attack and abrasion. In the U.S.A., its 
use in the bosh has not yet been considered seriously, 
although this is common in German practice, and it is to be 
tried in some British installations. It is stated that, apart 
from economic considerations, there appears to be no objec- 
tion to its use in any part of the blast-furnace. Considerations 
in the development of design are compensaticn for volume 
change, the control of heat losses, and the effects of porosity, 
density, permeability, etc., although the first is somewhat 
offset by carbonaceous cements and ramming mixes lacking 
the stability of the fired carbon blocks. Although the varia- 
tion in porosity is from 19 to 25°, and the density from 
94 to 100 lb./cu. ft., the volume stability somewhat eliminates 
the objection of high porosity. Despite the limitations 
imposed, numerous variants are found in machined blocks, 
double-wall and single-wall design. 

Two Cases of Destruction of Basic Open-Hearth Furnace 
Hearths. P.S.Mamykin. (Ogneupory, 1948, vol. 13, p. 177: 
British Ceramic Abstracts, 1949, Jan., p. 23a). 

Problems Relating to the Life of Silica Bricks in the Roof 
of a Basic Open Hearth Furnace. V. A. Bron. (Ogneupory, 
1948, vol. 13, p. 195: British Ceramic Abstracts, 1949, 
Jan.—Feb., p. 60a). 

The Use of Uktus Dunite as a Repairing Material. I. S. 
Schwartzmann. (Ogneupory, 1946, vol. 12, p. 276: British 
Ceramic Abstracts, 1949, Feb., p. 60a). A mixture of 
equal proportions of this dunite, with percentage composition 
SiO, 32-6; Al,O, 0-88; Fe,O, 10:28; CaO 0-78; MgO 
38°45, and powdered magnesite has been used for repairing 
refractory linings and has been found as satisfactory as pure 
powdered magnesite. 


PRODUCTION OF STEEL 


Experiments on the Gas and Fluid Flow in a Side-Blown 
Converter Model. M. P. Newby. (Journal of The Iron and 
Steel Institute, 1949, vol. 162, Aug., pp. 452-456). In 
order to throw light on the movements of metal, slag, and 
blast, in a side-blown converter, experiments have been 
carried out on a small-scale model at room temperature. 
The existence of a back eddy filling a large portion of the 
chamber has been demonstrated, and it is thought that the 
heavy wear on the lining, which occurs on the back wall 
above the tuyeres, may be associated with a recirculating 
stream of hot gas which strikes the wall in this region. Plans 
for further research include similar experiments on converters 
of different designs and experiments on full-scale and small- 
scale converters under blowing conditions, with hot metal. 

Surface Phenomena in Metallurgical Processes. S. I. 
Sapiro. (Stal, 1947, vol. 7, pp. 395-399 [in Russian] : Chemi- 
cal Abstracts, 1949, vol. 48, Apr. 10, col. 2553). Knowledge 
of the surface phenomena taking place at the interface 
melt—gas, melt—solid, melt-melt is important for understand- 
ing the processes going on in a metallurgical furnace. The 
surface phenomena are classified into: (1) Inception of new 
phases, e.g., vapour condensation in furnace gases with drop 
of temperature, primary crystallization, secondary crystalli- 
zation, and formation of carbon monoxide bubbles during 
decarburization ; (2) growth of new phases, e.g., growth of 
austenite grains with temperature, and coalescence of non- 
metal particles in pig iron; (3) adsorption and wetting, e.g., 
interaction of ore with gaseous reducing agents, adsorption 
of gases and vapours by molten metal and slag, and wetting 
of refractory lining by slag; (4) dispersion and solution, e.g., 
dispersion of air-in metal within a converter, emulsification 
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of slag in liquid steel; (5) sundry contact processes, e¢.g., 
decomposition of 2CO — CO, + C in the presence of Fe,O;, 
adhesion of liquid and solid particles to gas bubbles during 
decarburization. 

Optimum Running Schedule for Automatic Open-Hearth 
Furnaces. B. E. Katsov. (Stal, 1947, vol. 7, pp. 410-414 
{in Russian]: Chemical Abstracts, 1949, vol. 43, Apr. 10, 
col. 2555). A mathematical analysis of the operational 
schedule is presented. 

Fuel Control in the Open-Hearth Plant. F. A. Gray. (Journal 
of the Institute of Fuel, 1949, vol. 22, Feb., pp. 157-165). 
The author describes the principles and methods of open- 
hearth furnace control developed at the Stocksbridge works 
of Samuel Fox and Co., where instruments have been used 
for this purpose for the past 18 years. Oil fuel alone, pro- 
ducer gas, and mixed gas firing are considered.—R. A. R. 


Steel Production in Open-Hearth Furnaces with Charges 
Containing High Percentages of Pig Iron. A. FE. Dobner. 
(Hutnické Listy, 1949, vol. 4, May, pp. 133-138). [In 
Czech]. Production of steel in open-hearth furnaces with 
charges containing 60°, pig iron has been introduced in a 
steelworks where the climatic working conditions were very 
unfavourable. The method is characterized by a time 
interval between the ore and lime boils and almost complete 
exclusion of silicon and phosphorus from the final slag. 
During the ore boil several elements are eliminated from 
the iron, mainly silicon and phosphorus, and a slag high in 
SiO,, FeO, and phosphorus, and low in CaO is formed. 
Some of this first slag (25-35°,) is tapped off. Melting down 
and finishing is the same as in the open-hearth process. The 
final slag, made at the end of the lime boil, is strongly basic, 
and has the following characteristic composition: 13-20°,, 
SiO,, 18-23% FeO, 35-40% CaO, 1-2 to 1-85% P,O,, and 
the CaO/SiO, ratio is considerably higher than 2. Higher 
basicity of the slag is obtained with less lime and smaller 
slag quantities than in the standard process using only one 
slag. The paper gives the results obtained in experiments 
in 75-ton and 125-ton open-hearth furnaces with charges 
containing 60% pig iron. The results of the experiments 
were satisfactory and no difficulties were encountered during 
production, the harmful effect of high silicon was eliminated 
and the phosphorus content did not cause any trouble, not 
even in steel high in manganese.—.. G. 

Mechanical Aids to Labour in Open-Hearth Operations. 
(American Iron and Steel Institute, 1948, Feb., Contributions 
to the Metallurgy of Steel No. 17). This book consists of 
124 photographs, with descriptive titles, of mechanical aids 
to labour in various open-hearth operations, in particular the 
movement of refractory materials.—R. A. R. 

Determination and Comparison of Furnace Performance 
and Capacity. (American Iron and Steel Institute, 1948, 
Mar., Contributions to Metallurgy No. 20). This book 
consists of 140 pages of comprehensive data on open-hearth 
furnace operation relating to hot metal, blown metal, and 
cold metal practices ; it is subdivided into furnace capacities 
ranging from 50 to over 225 tons.—R. A. R. 

Report on Basic Open-Hearth Bottoms. (American Iron 
and Steel Institute, 1949, Feb., Contributions to the Metal- 
lurgy of Steel No. 25). The replies of 21 American steel- 
making companies to a questionnaire on basic open-hearth 
bottoms are analysed in tabular form so that comparisons 
can be made of present practices in bottom installations, 
repairs, and maintenance.—R. A. R. 

Experiments on Gaseous Mixing in Open-Hearth Furnace 
Models. R. D. Collins and J. D. Tyler. (Journal of The Iron 
and Steel Institute, 1949, vol. 162, Aug., pp. 457-466). 
A technique using models is applied to some designs of pro- 
ducer-gas-fired open-hearth furnaces. Useful results may be 
obtained from a model working at room temperature, in 
spite of the neglect of secondary processes, of which the 
buoyancy and expansion of the furnace gases are the most 
important. Carbon dioxide is used as a tracer, and concen- 
trations measured by means of an infra-red gas analyser 
determine the degree of mixing achieved in the combustion 
zone of several designs. A mixing index is adopted to facili- 
tate comparison. The designs tested are essentially of the 
Maerz type, but one semi-Venturi type is included as a 
comparison. The use of a central air port, similar to that 
tested by Allen, Cook, and Fenton, shows a considerable 
improvement on the conventional design as regards mixing. 
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Open-Hearth Furnace Models. Part I—Flow Patterns in 
Ducts. J. H. Chesters and A. R. Philip. (Journal of the 
Iron and Steel Institute, 1949, vol. 162, Aug., pp. 385-391). 
An interpretation of the complex flow patterns observed in 
three-dimensional models of open-hearth furnaces demands a 
knowledge of the flow in many simpler systems. Studies 
have therefore been made of the flow patterns obtained in 
various two-dimensional geometrical shapes when water is 
introduced through jets and allowed to escape over weirs. 
Certain conclusions have been reached concerning the entrain- 
ment that occurs and the inevitability of recirculation to 
replace the fluid removed by the jet from the surrounding 
medium in closed containers. The behaviour of the stream 
can be roughly described by stating that it appears to ‘ know 
where it is going.’ For example, it starts to turn a corner 
before actually reaching it. Certain arrangements, for exam- 
ple, that of a jet introduced along the major axis of an 
ellipse, are inherently unstable, while others, such as the 
aiming of a jet symmetrically into one corner of an equi- 
lateral triangle, are peculiarly stable. Many of the patterns 
are maintained over wide ranges of flow rate, though the 
amount of dead space tends to decrease with increasing jet 
velocity. Opposing jets frequently set up very complex 
patterns, and it is not unusual for the fluid entering in one 
jet to leave the system only after subsequent entrain- 
ment in another jet. In such cases it frequently travels a 
distance many times that between the entry and exit points. 
Jets impinging on one another at right-angles behave in a 
peculiarly critical manner which explains the necessity of 
maintaining a reasonable gas/air ratio in furnaces employing 
this method of mixing. 

Open-Hearth Furnace Models. Part II.—Flow Visualization 
and Photography. R. 8S. Howes and A. R. Philip. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, Aug., pp. 
392-401). A description is given of the installation and work- 
ing of 4, scale model open-hearth furnaces in which water is 
circulated to represent air and gas. Various ways in which 
flow patterns through the models have been studied are 
detailed, together with an account of the photographic 
techniques employed. Methods have been devised for 
analysing and interpreting the observed patterns. 

Open-Hearth Furnace Models. Part III.—Flow Patterns 
in Model Furnaces. I. M. D. Halliday and A. R. Philip. 
(Journal of The Iron and Steel Institute, 1949, vol. 162, 
Aug., pp. 401-415). The extent to which flow through a 


water model of an open-hearth furnace is comparable with- 


flow of gases through a full-scale furnace is discussed. The 
flow patterns observed in open-hearth furnace models of 
Maerz, single air-uptake, and semi-Venturi design are des- 
cribed, together with the effects on the pattern of certain 
modifications. Comparison is made between flow features 
observed on the models and certain results obtained during 
previous furnace trials. Experiments are being undertaken 
on production furnaces to see how far results obtained on 
models can be used to predict the flow patterns obtaining in 
practice. 


FOUNDRY PRACTICE 


The Work of the Lake & Elliot Foundry Technical Com- 
mittee, February 1947 to December 1948. L. W. Sanders, 
C. H. Kain, R. J. Hart, W. L. Hardy, and J. W. Gardom. 
(Institute of British Foundrymen, June 14-17, 1949, Paper 
No. 939). This is an account of the work of a small technical 
committee set up within an iron and steel foundry. Details 
are given of research work carried out on cast steel test-bars, 
following on work with the clover-leaf test-bar, of attempts 
to establish a reliable and workable machinability test suitable 
for use by foundries, of the development and six months’ 
trial of coating moulding sands and experience with resin- 
bonded core sands. Tests of martensitic plough shares are 
described and there is a discussion on sand reclamation for 
the steel foundry. ; 

The Induction Cupola. E. Piwowarsky. (Neue Giesserei, 
1949, vol. 36, Apr., pp. 104-106). The experimental induc- 
tion heated cupola and experience obtained with it are 
described. (An English version of this report has already 
appeared in Iron Age, 1948, vol. 161, Feb. 5, pp. 76-78). 

R. A. R. 

Cupola Charge Materials. (Institute of British Foundry- 
men, June 14-17, 1949, Paper No. 943). This is the report 
of a sub-committee set up to determine the best methods 
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of making use of all the materials which could be considered 
as available to the British foundry industry for inclusion 
in cupola charges. The materials were studied under the 
general headings of metallics (pig irons, cast-iron scrap, 
steel scrap, ferro-alloys), fuels (cokes of various qualities, 
anthracite coal), and fluxes (limestone, magnesian limestone, 


chalk, fluorspar, etc.). The report discusses variations of 


composition, physical condition, etc. likely to be found in 
these materials and recommends methods of combating 
adverse effects of these variations. The report ends with a 
section on the fundamentals of sound cupola practice. 

Factors for Immediate Consideration in Assisting in the 
Future Production of Medium and Heavy Iron Castings. 
G. W. Nicholls. (Institute of British Foundrymen). Pro- 
duction of Medium and Heavy Iron Castings. G. W. Nicholls. 
(Foundry Trade Journal, 1949, vol. 86, May 26, pp. 493-499 ; 
June 2, pp. 525-528; June 9, pp. 549-552). The author 
discusses various factors which enable a foundry to produce 
sound castings quickly and economically at the first attempt. 
He first considers casting design and then deals with pattern 
construction and contraction and shrinkage characteristics 
of the metal. In other sections of the paper he considers 
various aspects of moulding, coremaking, and casting practice. 

gC. 

Inoculation and Graphite in Grey Cast Irons. A. de Sy. 
(Fonderie, 1949, Jan., pp. 1433-1446). The author discusses 
the effect of carbon content on the structure of grey iron, the 
theory of supercooling, lamellar and nodular graphite resulting 
from inoculation treatment, and the nature of the graphite 
when the iron has been supercooled. He suggests that the 
crystalline system of solid particles in suspension in cast iron 
determines the form that the graphite takes.—4. c. R. 

Electric Furnaces for Melting Cast Iron. G. Joly. (Fon- 
derie, 1949, Jan., pp. 1456-1457). Descriptions and opera- 
tional details are given of rocking are and resistor electric 
furnaces for melting special cast irons. The operation of 
the resistor furnace is simpler, but there is the risk of the 
electrodes breaking and the bath becoming carburized. 
Melting is more rapid in the are furnace but the life of the 
refractory lining is shorter.—J. Cc. R. & 

Sand-Cast Permanent Magnets. J. Zampach and 0. 
Starosta. (Hutnické Listy, 1949, vol. 4, Jan., pp. 14-17; 
Feb., pp. 51-52). [In Czech]. High-frequency-induction 
crucible furnaces are the most suitable for melting magnetic 
steels. The charge consists of soft, very pure steel, nickel 
and copper or cobalt. Titanium is added to the melt as 
ferrotitanium or aluminotitanium. Aluminium is added 
at the very end of the melting process to reduce oxidation 
losses. Even slight non-uniformities in the aluminium 
content and the structure of the material have an adverse 
effect on the quality and magnetic properties of the castings. 
Small furnaces of 100-300 kg. are particularly suitable for 
obtaining homogeneous material. Casting temperatures 
should be high to obtain well-filled moulds and a coarse 
structure. The gating system must be suitably designed to 
prevent rimming during casting. Blind risers cannot be 
used ; machining allowances must be as small as possible, 
changes in section must be gradual, and the thickness must not 
exceed 25-30 mm. Hardening and tempering temperatures 
are in the 900-1350° C. and 500-650° C. ranges respectively. 
Variations in the cooling rate cause variations in the magnetic 
properties. For hardening in water the analysis recom- 
mended is Al 12%, Ni 27%, and Cu 6%. Theoretical con- 
siderations lead to the conclusion that the maximum values for 
(BH)max. obtainable are 5 x 10% and 20 x 10® Gauss-Oersted 
respectively for ordinary magnetic alloys and for alloys 
heat-treated in a magnetic field.—. G. 


HEATING FURNACES AND SOAKING PITS 


Modern Heating Methods for the Steel Forge Plant. ©. ©. 
Eeles. (Steel Processing, 1949, vol. 35, Mar., pp. 149-154, 
161, 162). Reheating furnaces with burners combining gas 
and fuel oil, heating with gas alone, and induction heating are 
described and factors affecting the selection of the method of 
heating forgings are discussed. With burners taking gas and 
oil the relatively short gas flame preheats the oil spray to 
ensure complete combustion and fill the furnace with a mass 
of brilliant white flame. Optimum flame adjustment requires 
a heat input ratio of about 50% coke-oven gas to 50% oil. 
Rapid heating with gas alone using cup-shaped incandescent 
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burners is the most economical. Work is now in progress 

on the design of refractory rails in place of water-cooled 

rails, which would save the heat Jost in the cooling water. 
R. A. R. 

Series of Cylindrical Chamber Furnaces Reheat Pierced 
Tubes for Sizing at Gary Works of National Tube Co. (Indus- 
trial Heating, 1949, vol. 16, Apr., pp. 589-596). Heating 
Seamless Tubes for Sizing. (Iron Age, 1949, mal 163, Apr. 14, 
pp. 86-87). Cylindrical gas-fired furnaces are used at the 
National Tube Company’s plant at Gary, Indiana, for re- 
heating pierced tubes for sizing. Radiant-cup combustion 
is used, and 13 furnaces are arranged in line; the first ten 
are connected in five groups each having its own combustion 
controller, while the last three are considered as a soaking 
zone and controlled together. The speeds of the conveyors 
are so arranged that the tube enters at maximum speed to 
its full length, is then slowed down to a speed appropriate 
to its diameter and wall-thickness and, having travelled the 
full length at this speed, is discharged at maximum speed. 
The position of the conveyors is also regulated so that tubes 
of varying diameter are always conveyed concentrically with 
the furnace walls.—J. P. s._ 

Forging Furnace Handles Variety of Steels with Minimum 
of Scale. (Industrial Heating, 1949, vol. 16, Jan., pp. 66-68). 
A description is given of a forging furnace with a hearth 

. 4 ft. with burners for either natural gas or fuel oil 
installed at Steel Improvement and Forge Co., Cleveland, 
Ohio.—R. A. R. 


HEAT-TREATMENT AND HEAT-TREATMENT 
FURNACES 


Heat Treating Ferrous Metals. I. A. Usher. (Canadian 
Metals and Metallurgical Industries, 1949, vol. 12, Feb., 
pp. 14-15, 21, 24, 31-35). The principles of heat-treatment 
and the use of S-curves are explained.—R. A. R. 

Atlas of Isothermal Transformation Diagrams of B.S. En 
Steels. (Iron and Steel Institute, 1949, Special Report No. 
40). The Report presents diagrams prepared by the 
Isothermal Transformation Group set up by the Thermal 
Treatment Sub-Committee of the Metallurgy (General) 
Division of the British Iron and Steel Research Association. 
Twenty-four steels, representative of the main types of 
wrought steel in current use in Great Britain which are 
included in the British Standard 970 En series were examined. 
The Report contains 48 pages of diagrams which are preceded 
by a short article explaining the nature of the diagrams, 
giving details of the steels examined and the experimental 
procedure adopted, and discussing the application of the 
results.—R. A. R. 

Some Aspects of the Hardenability of Steels. H. J. French. 
(Metal Progress, 1949, vol. 55, Apr., pp. 505-515). The 
author notes that steels having the same end-quench hardness 
curves (‘ hardenability ’) may have very different toughness 
as measured by notch-bar tests at equal hardness and 
strength levels, and this is the case even though the steels 
may retain substantially equal amounts of austenite after 
quenching. He suggests that hardness test data may not in 
themselves be an adequate guide when selecting steels where 
optimum performance qualities are required. Several alloy 
steels showed inferior qualities when ‘slack quenched’ 
(quenched at less than the critical rate) as compared with the 
fully hardened condition, the extent of the deterioration 
appearing to be dependent on the composition of the steel. 
SAE 2340, 5140, and T1340 steels, when quenched at rates 
above the critical, developed notch-bar properties which varied 
with the amount of the retained austenite: the highest 
austenite produced the best properties. The martensite 
and retained austenite of fully hardened steels, only slightly 
tempered, varied in notch strength and toughness with the 
chemical composition of the steel. Much higher notch 
values were observed in a 3-5°% nickel steel than in a 2% 
manganese steel having similar hardness patterns in end- 
quench tests and a similarly large proportion of austenite 
retained on quenching.—4J. Cc. R. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Forgings—Ferrous and Nonferrous. N. B. Bagger. 
(Materials and Methods, 1949, vol. 29, Mar., pp. 71-84). 
Notes and tables are presented giving the forging properties 
of carbon steels ; steels alloyed with nickel, molybdenum, or 
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chromium; chromium-vanadium and _ silicon-manganése 
steels; ingot iron and wrought iron; iron-copper alloys; 
and non-ferrous metals and alloys.—R. A. R. 

General Precautions to be Taken before and during Forging. 
M. Monsalve. (Anales de Mecanica y Electricidad, 1949, 
May-June, pp. 123-136). [In Spanish]. Defects in forgings 
can be traced to the melting of the ingot and the forging 
operation. In both cases, these can be reduced to a minimum 
by following the specifications in the present paper. Strip- 
ping temperature should be as high as possible but not too 
high, so that there is no liquid steel in the interior of the ingot 
and the ingot should not be plastic enough to allow deforma- 
tion when stripping. Optimum stripping times are given in 
relation to ingot weight. Hints on planing and reheating of 
large forging ingots and some remarks on furnaces are given. 
The author outlines his theories on crack formation. Differ- 
ent types of cracks and their causes are examined, but factors 
relating to the effect of moulds are not dealt with.—r. s. 

Forging Manipulators. F. J. Somers. | A: omptes Rendus 
des Journées de la Grosse Forge, May 27 1948, pp. 35-48). 
A review is presented of the or ki wo forging manipu- 
lators from the early manual types to present-day models. 

3. Cc. R. 

Fabrication of Large Parts by Mechanical Forging and 
Stamping. L. Monnier. (Comptes Rendus des Journées de 
la Grosse Forge, May 27-29, 1948, pp. 49-73). Illustrated 
descriptions are given of various forging hammers and presses 
used in the fabrication of large parts, their method of opera 
tion, and the purposes for which they are employed. Those 
described include various types of board drop hammers, 
steam drop hammers, ‘ bulldozers’ (horizontal presses), high- 
speed vertical presses, and forging presses.—J. C. R. 

Manufacturing Costs in Heavy Forging. P. Friart. 
(Comptes Rendus des Journées de la Grosse Forge, May 27-29, 
1948, pp. 75-84). The author analyses manufacturing costs 
in the French heavy forging industry.—4J. c. R. 

Review of the Heavy Forging Press—Its Application and 
Design. J. A. Sanderson. (Comptes Rendus des Journées de 
la Grosse Forge, May 27--29, 1948, pp. 85-125). An illustrated 
account is given of the design and applications of heavy 
forging presses ; it includes particulars of the principal forging 
presses of 5000 tons and over in the world, the makers, and 
date of installation.—1s. c. R. 

The Manufacture and Properties of an Alloy Steel Rotor 
Forging. H.H. Burton. (Comptes Rendus des Journées de 
la Grosse Forge, May 27-29, 1948, pp. 157-175). The author 
outlines the main factors to be considered in devising a manu- 
facturing procedure for an alloy steel rotor forging for a 
turbine or alternator. He deals with the choice of steel, the 
size and shape of the ingot, the forging of the part and its 
subsequent heat-treatment and testing.—J. Cc. R. 

Modernization by Electro-Hydraulic Control of a 6000-Ton 
Steam-Hydraulic Armour-Plate Press. G. Paul. (Comptes 
Rendus des Journées de la Grosse Forge, May 27-29, 1948, 
pp. 189-203). A 6000-ton armour-plate press with steam- 
hydraulic control, installed in 1906, was converted in 1936 to 
electro-hydraulic control. A detailed illustrated account is 
given of the press and its operation.—-J. C. R. 

The Fabrication of High Pressure Hollow Vessels. H. 
Bouillot. (Comptes Rendus des Journées de la Grosse 
Forge, May 27-29, 1948, pp. 205-222). This paper deals 
with the field of application of high-pressure hollow vessels, 
and their fabrication by hollow forging, by plates welded to 
form a cylinder with pressed and welded ends, and by the 
A. O. Smith (American) and Schierenbeck (German) methods 
of producing hollow vessels. 

Manufacture of Rolled Steel Turbine Gear Rings at Com- 
monwealth Steel Co., Ltd. (B.H.P. Review, 1949, vol. 26, 
Mar., pp. 6-7). A short illustrated account is given of the 
manufacture of steel turbine gear rings with outside and 
inside diameters of 12 ft. 2 in. and 11 ft. respectively, with 
a 22-in. face. The initial ingot for two rings was about 
6 ft. in dia. and 53 tons in weight, of 0-30% carbon steel. 
‘ Becking ’ or forging down the wall thickness while increas- 
ing the diameter, was done in a 1200-ton press, and subsequent 
rolling in a tyre mill. The rings were normalized, machined 
to size, and finally given a stabilizing heat-treatment.—R. A. R. 

Radiant Heating and Automatic Hydraulic Bending Com- 
bined to Form Steel Links. S. B. Voorhees. (Materials and 
Methods, 1949, vol. 29, Mar., pp. 61-63). A process for 
making link chain for potato diggers out of 34-in. lengths of 
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qs in. high carbon steel rod is described. The bars are heated 
in a gas-fired radiant-heat furnace and quickly formed to the 
desired shape in a hydraulic bending machine. They are 
then quenched without reheating. The equipment is described 
and illustrated.—R. A. R. 


ROLLING-MILL PRACTICE 
A Short Note on Strength Calculations for Rolling Mills. 


R. Falk. (Royal Hungarian Palatine-Joseph University. 
Publications of the Department of Mining and Metallurgy, 
1939, vol. 11, pp. 251-258). Geleji’s approximate method for 
calculating permissible loads on the side frames of rolling- 
mill stands is examined and new calculations are made which 
indicate that it is not satisfactory.—R. A. R. 

Apparatus for Determining the Stresses for Different Schemes 
of Working a Rolling Mill. N. P. Bezklubenko. (Zavodskaya 
Laboratoriya, 1949, vol. 15, May, pp. 616-618). [In Russian]. 
A device is described for use together with a tensile-testing 
machine, by which the stresses on the rolls in the rolling of 
flat specimens or tubes can be determined.—s. kK. 

The Reversing Cycle of Modern Blooming Mills. T. B. 
Montgomery and J. F. Sellers. (Transactions of the American 
Institute of Electrical Engineers, 1948, vol. 67, Part II, pp. 
1508-1613). See Journ I. and §.I., 1949, vol. 163, Sept., 
p- 100. 

Quality in Drawing Steel. (©. A. Burkhalter. (Steel Pro- 
cessing, 1949, vol. 35, May, pp. 250-251, 262). The author 
describes in a very general way some of the factors necessary 
in the manufacture of steel, and the rolling and pickling of 
sheet to ensure that it is suitable for deep-drawing.—1s. P. s. 

Production of Plates. W. L. Bunting. (Steel, 1949, vol. 
124, May 23, pp. 114, 116, 119-128; May 30, pp. 70-80, 83, 
84, 86). The first part of this article describes, in general 
terms, the various types of rolling mill used for the production 
of plate, and goes on to describe, in more detail, the 80- and 
100-in. mills at the Homestead works of Carnegie-Illinois Stee] 
Corp. The second part deals with the 120-in. plate mill at 
Lukens Steel Co., describing its. mechanical and electrical 
features at some length, and concludes with a description of 
the rolling of clad sheets in this mill.—z. P. s. 

Clad Steel Plate. F.R. Pattison. (Midland Metallurgical 
Societies: Metallurgia, 1949, vol. 38, Mar., pp. 269-271). 
Clad Steel. F.R. Pattison. (Iron and Steel, 1949, vol. 22, 
June, pp. 284-288). The cladding of steel plate by (a) cast- 
ing, (b) inter-melting, (c) fusion welding, (d) are welding, 
(e) resistance welding, and (f) bonding using heat and pressure, 
is described and its advantages and applications are discussed. 
By far the greatest tonnage is produced by method (f) in which 
a ‘pack’ or ‘sandwich’ is prepared by placing together 
two pairs of plates, each pair consisting of a carefully cleaned 
base plate and a sheet of the nickel, nickel alloy, or stainless 
steel on top of it. The pairs are placed with the two sheets of 
cladding material face to face but separated by an infusible 
parting compound. The edges of the pack are sealed by 
welding ; it is then heated to 1150° to 1300° C., depending on 
the cladding, and rolled out in a heavy plate mill. On cutting 
off the sealed edge the two clad plates can be separated. 

R. A. R. 

Alloy Strip Hot Coiled during Reversing Passes at Crucible’s 
Midland Works. (Steel, 1949, vol. 124, May 23, pp. 94, 96, 
106, 108, 111). At the Midland, Pa., works of Crucible Steel 
Co. of America, a new 66-in. 4-high reversing hot mill has 
been installed, with gas-fired furnaces housing coilers at each 
side: this will enable the rolling of thinner gauges than 
possible in conventional hot mills to be carried out. Other 
equipment includes sheet annealing furnaces and _ pickling 
lines for stainless and other special steels, and a tandem cold- 
rolling mill for stainless steel.—s. P. s. 


MACHINERY FOR IRON AND STEEL PLANT 


German Gas Turbine Developments during the Period 
1939-1945. J. W. Adderley. (British Intelligence Objec- 
tives Sub-Committee, 1949, Overall Report No. 12: H.M. 
Stationery Office). This report summarizes the most im- 
portant points of German gas turbine development contained 
in several earlier Intelligence Objectives Sub-Committee 
reports so as to give a general picture of the work done and 
the position reached in Germany.—®. A. R. 

Electric Power Services in Iron and Steel Works. F. H. 
Cangas. (Acero y Energia, 1949, Jan.—Feb., pp. 8-16). [In 
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Spanish]. Works applications of electric current are enumer- 
ated and the characteristics of networks described. The 
author states the precautions to be taken for the protection 
of electric power plant in the works, describes an inspection 
system for electric plant, and discusses the general organiza- 
tion of the work of the chief electrical engineer and his staff. 
R. S. 

Power Generation and Conversion in Steel Mills. D. L. 
Beeman. (Blast Furnace and Steel Plant, 1949, vol. 37, May, 
pp. 527-535). The generation of electric power in steel 
plants by the use of blast-furnace gas to raise steam for 
turbines is described, and the problems of conversion from 
alternating to direct current are studied ; for this purpose, 
mercury-are rectifiers are to be preferred to motor-generator 
sets. Where frequency changing is necessary to suit existing 
motors, synchronous-synchronous, Scherbius, or electronic 
apparatus may be used.—1. P. s. 

Cranes and Their Maintenance. M. Banninger. (Von Roll 
Werkzeitung, 1949, vol. 20, Mar., pp. 76-85). Overhead 
travelling cranes, jib cranes, and ore bridges are described 
with recommendations on their maintenance.—R. A. R. 


WELDING AND FLAME-CUTTING 


The Influence of Core Wire on the Characteristics of Low 
Carbon Steel Welding Electrodes. D. C. Martin, C. B. 
Voldrich and P. J. Rieppel. (American Tron and Steel 
Institute, 1949, May, Contributions to the Metallurgy of Steel 
No. 33). A study was made of the influence of various types 
of steel core wire and of electrode coatings on the welding 
characteristics and properties of the welds.. Surface pitting 
of bead welds increased as the sulphur in the core wire in- 
creased from 0-020 to 0-040°,, Semi-killed and killed steel 
wire did not make good electrodes when coated with E6012 
coating. The mechanical properties of weld metals were 
affected to a much greater extent by the coating than by 
either the core wire or the base plate, with the exception 
of the effect of sulphur in the steel.—Rr. A. R. 

The Function of the Coating of Welding Rods. J. D. Fast. 
(Philips Technical Review, 1948, vol. 10, Oct., pp. 114-122). 
The nature of the forces causing the transfer of metal through 
the are and the circumstances in which iron oxide in the 
electrode coating may cause porosity in the weld are exam- 
ined. The protection afforded by a simple slag, complicated 
slags, and electrode coatings against oxygen and nitrogen is 
studied. The use of oxides with a heat of formation less than 
about 100 k.cal. per gramme-atom in the coating must be 
avoided if satisfactory protection against oxygen is to be 
obtained. Nitrogen is kept out by slags with a low solubility 
for nitrogen. Various electrodes made by Philips are 
described.—R. A. R. 

Reinforcement of Butt Joints in Steel Structures. F. Faltus. 
(Svarovini, 1949, vol. 9, May, pp. 43-50). [In Czech]. 
Owing to fatigue failures, the various reinforcements used at 
present in the case of butt welds are either very expensive or 
ineffective. The author suggests a new design of the rein- 
forcing element of butt joints, which consist of plates shaped 
like segments of a circle and welded to the web. This shape 
is easy to manufacture and weld in position. Tests have been 
carried out on girders 3 m. long and have shown that a rein- 
forcing segment, the length of which is about three times its 
width, reduces effectively the stress in the adjacent material 
and the weld. This reinforcement does not reduce materially 
the fatigue limit of the assembled structure.—k. G. 

Swiss Welding Research. K. Waitzmann. (Svajoviini, 
1949, vol. 9, May, pp. 37-43). [In Czech]. Fatigue tests are 
considered very important in Switzerland and the Labora- 
toire Fédéral d’Essai des Matériaux alone possesses 12 Amsler 
pulsators with which extensive tests on new designs are 
carried out. The L.F.E.M. views critically the use of tenso- 
meters. but extensive tests are carried out to determine their 
behaviour under varying conditions. The Séchéron method 
of welding of rails is also described.— . G. 

The Definition of Welding Positions. E.Flintham. (Weld- 
ing Journal, 1949, vol. 28, Mar., pp. 229-234). The author 
compares and contrasts the classifications of welding position 
put forward respectively by the British Electrical and Allied 
Manufacturers’ Association and the Institute of Welding in 
conjunction, the Australian Welding Institute, and the 
American Welding Society and the American Society for 
Testing Materials in conjunction. The necessity for accurate 
specification of position arises from the fact that all electrodes 
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are not equally suitable for welding in all positions, and 
therefore, for classification of suitability of the electrode, an 
unambiguous definition of position is required. The British 
definitions are Flat, Inclined, Horizontal-Vertical, and Over- 
head, and these are defined by reference to angle of slope, 
i.e., that made by the long axis of the weld with a horizontal 
plane, and angle of rotation, 7.e., that made by the axis of 
symmetry of the cross-section of the weld with a vertical plane. 
The author gives reasons for the British choice of different 
angles, both of slope and rotation in its classification, and 
claims that the British definitions are simpler and clearer. 
The need for an early resolution of the three conflicting views 
is stressed.—J. P. S. 

Effect of “‘ Quench Time,” on Weld Metal. J. Bland. 
(Welding Journal, 1949, vol. 28, May, pp. 216-s—226-s). 
The U.S. Navy Department requirements for medium steel 
electrodes include a 22°, ductility from an all-weld-metal 
tensile specimen made by laying down beads in a groove 
preheated in boiling water and quenching each layer in boiling 
water within one minute of its completion. This has been 
hard to meet, in the case of E6011 electrodes, and the one 
minute interval has been suspected of being contributory, 
in that it may be insufficient time to allow hydrogen to escape 
from the weld metal. The test was therefore carried out on 
a number of brands of electrode of specification E6011, with 
quenching times of 20 sec. to 10 min. and with different 
techniques of bead deposition ; only two brands could pro- 
duce the appropriate ductility with less than 3 min. quench 
time, and three could do so if the time were longer: a 1-min. 
quench produced very low ductility. The fractures of the 
specimens of low ductility were brittle and woody: with 
these were associated microscopic fissures, similar to hydrogen 
flakes found in forgings, running in the longitudinal direction 
but having their major dimensions in a plane parallel to the 
transverse axis of the weld deposit. It is concluded that 
though it has been assumed that hydrogen is the responsible 
agent for these fissures, no direct evidence yet exists, and that 
further investigations are necessary, including a quantitative 
determination of the amounts of dissolved hydrogen.—1. P. s. 


PROPERTIES AND TESTS 


Theories of the Mechanical Properties of Metals. N. F. 
Mott. (Research, 1949, vol. 2, Apr., pp. 162-169). In trying 
to explain the mechanical properties of metals in terms of the 
concepts of atomic physics there are a large number of theoreti- 
cally possible ways in which deformation can take place. 
In tests of technical importance, especially creep tests, it is 
likely that several mechanisms are operative at the same time. 
The author describes these mechanisms and completes the 
first steps towards their explanation in terms of the motion 
of atoms, and suggests the lines on which further research 
should proceed.—R. A. R. 

Comparisons of American and Foreign Methods of Testing 
Materials. (American Iren and Steel Institute, 1948, May, 
Contributions to the Metallurgy of Steel, No. 22). In this 
report the British, Italian, German, and I.8.A. (International 
Standards Association) methods of testing are compared 
with the A.S.T.M. (1946) and American Federal Specifications 
(1945) with emphasis on the points of difference.—R. A. R. 


A Vacuum Dilatometer for Routine Metallurgical Investi- 
gations. T. Land and B. Sugarman. (Metallurgia, 1949, 
vol. 39, Jan., pp. 126-128). A vacuum dilatometer is 
described. It. permits an overall accuracy in the thermal 
expansion coefficients of 1 x 10-7 per degree Celsius, using 
specimens about 3 in. long. The expansion is transmitted 
by a silica rod to a dial gauge. The specimen, enclosed in a 
silica tube and under vacuum, is heated in an electrical 
resistance furnace at about 6° C./min. Temperature is 
measured by a platinum/platinum-rhodium thermocouple 
in a small hole at the centre of the specimen. The apparatus 
measures changes in length of the specimen to an accuracy 
of =- 10~‘ in. if all precautions are taken and corrections made 
for dial-gauge errors.—R. A. R. 

Tensometers for Accurate Measurements. S. D. Daidbekov. 
(Zavodskaya Laboratoriya, 1949, vol. 15, May, pp. 621-623). 
[In Russian]. Two tensometers, developed by N. N. Aistov, 
which are capable of giving an accuracy of 0-1 yu are described. 
These instruments are said to have been satisfactorily used 
in a number of laboratory investigations.—-s. K. 
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On the Applicability of the Method of Cone Indentation for 
the Determination of the Yield Point at High Speeds of 
Deformation. F. F. Vitman and N. A. Zlatin. (Zavodskaya 
Laboratoriya, 1949, vol. 15, Apr., pp. 453-456). [In Russian]. 
Experiments are described which were carried out to examine 
the possibility of using the cone method with any speed of 
deformation for determining the yield point. A study was 
made of the deformed region round indentations of equal 
depth produced by cone speeds of 10-* to 10? m./sec. on speci- 
mens of mild steel. Radical changes in the deformed region 
were found to result from variations in the speed of deforma- 
tion, but no detailed relationships could be established. The 
experiments were carried out at — 60°, — 120°, and — 180°C., 
as well as at room temperature, and the relationships found 
between the yield point and the characteristic speed of 
deformation at each temperature are shown graphically.—s. k. 

The Testing of Ring-Shaped Specimens. T. V. Arefev. 
(Zavodskaya Laboratoriya, 1949, vol. 15, May, pp. 589-594). 
{In Russian]. A procedure is described in which a special 
drill is used to cut hollow cylindrical specimens (10 and 15 mm. 
in internal and external dia. and length equal to the plate 
thickness) from the part to be tested. After polishing on a 
lathe, the cylinder is cut up into rings 3 mm. thick, which 
are subjected to static tensile tests. Results obtained by this 
and other methods for three steels are compared: The 
procedure described is shown to result in economy of time, 
material, and cost.—s. K. 

Relationship Between Elongation and Deflection in Different 
Types of Deformation. V.G. Osipov. (Zavodskaya Labora- 
toriya, 1949, vol. 15, May, pp. 580-582). [In Russian}. 
The treatment of elongation-deflection phenomena by N. N. 
Davidenkov is criticized and a new equation is put forward. 
In an accompanying communication, Davidenkov defends 
his original equation and attacks the new equation and its 
derivation.—s. K. 

On the Testing of Microtensile Specimens. [. M. Savitskii 
and V. P. Lebedev. (Zavodskaya Laboratoriya, 1949, vol. 15, 
May, pp. 614-616). [In Russian]. Techniques suitable for 
the testing of specimens of diameters of the order of 1 mm. 
are described. In these methods, the specimens are held in 
a manner which facilitates testing at high temperatures. 

Ss. K. 

Report on Torsion Tests of Splined Shafts. (American Iron 
and Steel Institute, 1948, Feb., Contributions to the Metal 
lurgy of Steel No. 19). The results of torsional fatigue test- 
on specimens of three types of splined shaft (two of 0-40° 
carbon cold drawn steel and one heat-treated chromium 
nickel steel) are presented. The endurance limit of the cold 
drawn steel shafts was superior for not exceeding 1,100,000 
load cycles, but above this number the alloy steel began to 
show an advantage.—R. A. R. 

On the Method of Investigating the Nature of the Fracture 
of Steel. B.S. Natapov. (Zavodskaya Laboratoriya, 1949, 
vol. 15, May, pp. 576-580). [In Russian]. Photomicrographs 
are shown to illustrate both the microstructure of specimens 
of a hardened steel subjected to tempering under various 
conditions and the nature of the fracture of impact specimens 
corresponding to these conditions. The relation of the 
mechanical properties of tempered steel to its composition 
in the tempered state is shown graphically. On the basis of 
these studies the scheme of the change of resistance to fracture 
of steel during tempering is discussed. It is suggested that 
the reason for the lowering of the resistance to fracture with 
high tempering temperatures appears to be the increase in 
the size of the carbides during the tempering. A hypothesis 
is proposed which explains the premature failure of steel in 
terms of small cracks appearing in cementite or along its 
boundaries.—s. K. 

Method for Determining Stresses in Cast Structures. Ya. . 
Smolyanitskii. (Zavodskaya Laboratoriya, 1949, vol. 15, 
May, pp. 584-588). [In Russian]. It was found that by 
using an optical indicator for the determination of the 
magnitudes of the elastic deformation in shrinkage-grids 
of the normal type, it was possible to reduce considerably the 
dimensions and weight of contraction specimens for determin- 
ing stresses in cast structures, and to increase the accuracy 
of these determinations. Slight modification of the grid 
reduced the time required for the preparation of specimens 
for measurement by the optical indicator. Experimental 
evidence was obtained to show that the magnitudes of stresses 
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in the members of the grid obtained by calculation were in 
good agreement with the experimental values. The high 
sensitivity of the method developed was shown by a number 
of experiments.—s. K. 

Plastic Deformation of Metals. (American Iron and Steel 
Institute, 1948, June, Contributions to the Metallurgy of 
Steel, No. 21). This is a bibliography of the English and 
American literature from 1940 to 1946 on the plastic deforma- 
tion of metals. It contains 261 abstracts.—R. A. R. 

The Plastic Yielding of Notched Bars under Tension. R. 
Hill. (Quarterly Journal of Mechanics and Applied Mathe- 
matics, 1949, vol. 2, Part 1, pp. 40-52). The state of stress 
in the core of a notched bar is analysed at the moment when 
pronounced plastic yielding begins. The theory is two- 
dimensional and an ideal plastic—rigid material is assumed. 
Following a general analysis of the problem, the magnitude 
of the constraint factor is calculated for a deep notch with a 
semicircular root. The correct approach to problems of 
plane plastic strain is discussed, and is further illustrated 
by a re-examination of the classical work of Prandtl on 
indentation (which is closely related in principle to the 
notched bar problem). 

The Distribution of Stress in the Neighbourhood of a Crack. 
T. J. Willmore. (Quarterly Journal of Mechanics and 
Applied Mathematics, 1949, vol. 2, Part 1, pp. 53-63). The 
paper describes the determination, by complex variable 
methods, of the distribution of stress in the neighbourhood 
of a two-dimensional Griffith crack when the pressure varies 
along the crack. The analysis is extended to deal with 
problems involving cracks in aeolotropic materials possessing 
two directions of elastic symmetry. The paper concludes with 
an investigation of the stress distribution in the neighbourhood 
of two collinear cracks of equal length, and formule are 
found giving the shape of the cracks and the critical tensile 
stress normal to the cracks which will produce rupture. It is 
shown that the influence of one crack on the other is very 
small provided that the distance between the cracks exceeds 
the length of each crack. The methods of this paper can also 
be used to solve the problem of the indentation of the plane 
boundary of an isotropic or aeolotropic material by a single 
punch of any shape, or by a flat-ended double punch. 

Application of Electrical Resistance Strain Gauges. A. L. 
Tannahill. (Engineer, 1949, vol. 187, June 10, pp. 630-633). 
Detailed descriptions are given of the standardized techniques 
developed by Babcock and Wilcox, Ltd., for fixing and using 
resistance strain gauges on the internal and external surfaces 
of pressure vessels for testing purposes. Internal gauges, 
after attaching and wiring, are boxed in with pressure plastic, 
coated with Di-Jell, and covered with polythene ; an overall 
layer of pressure plastic, a covering of Bostik, and a coating 
of Hermetite are then applied. External gauges, after 
attaching and wiring are smeared with Di-Jell, taped with 
polythene, covered with Bostik, and finally, covered with felt. 
In all cases the steel surface is carefully cleaned and dried, and 
precautions are taken to prevent moisture and air from being 
trapped im the gauge and its protective coatings.—R. A. R. 


METALLOGRAPHY 
Characteristics of Metallographic Polishing Powders. E. C. 


Rollason, E. Sharratt, and R. R. Roberts. (Journal of 
The Iron and Steel Institute, 1949, vol. 162, July, pp. 265- 
270). The physical properties of powders used for metal- 
lographic polishing of mild-steel specimens have been studied. 
The most essential factor for successful polishing is that the 
particles shall be plate-shaped; it is suggested that the 
polishing depends largely on the frictional characteristics 
between the flat plates of the powder and the specimen, 
and not on a cutting action. Gamma alumina, as obtained 
by calcining alum at 1100°C. for 1 hr., consists of such 
particles, but alpha alumina may also be obtained in suitable 
plate-shaped particles by calcining ammonium alum at 
1250° C. for 1 hr. Normal commercial samples of alpha 
alumina are granular and unsuitable for polishing. Gamma 
alumina is softer than the alpha variety and is serviceable 
over a wider size range. A specific surface area of about 
5000 sq. cm./g. is suggested for the gamma alumina, but 
much finer material, e.g., 15,000 sq. cm./g. is necessary in the 
case of alpha alumina. Impurities of sulphur or chlorine in 
gamma alumina may cause etching or pitting of the specimen 
surface. There is no advantage in the use of deflocculants, 
which only reduce the rate of polishing. 
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Electrolytic Polishing of Iron and Steel. J. Pow. (Metal Treat- 
ment and Drop Forging, 1949, vol. 16, Spring Issue, pp. 31-37). 
The author explains the theory of electrolytic polishing, and 
passes on to describe his own methods for the polishing of car- 
bon and alloy steels and of white cast irons. He uses Jacquet’s 
solution, containing 765 c.c. acetic anhydride, 180 c.c. 
60% perchloric acid and 55 c.c. water, per litre : his electrical 
circuit provides rectified direct current at 110 V. and 30 amp. 
full load. He finds that stirring and temperature control 
within the range 15°-20°C. are necessary. Illustrations 
indicate considerable success in revealing the structures of 
the alloys in question.—z. P. s. 

Researches on the Electrolytic Polishing of Steels, Chromium 
and Light Alloys for Micro-Examination. P. A. Jacquet. 
(Société Frangaise de Metallurgie, Oct. 21, 1948: Revue de 
Métallurgie, Mémoires, 1949, vol. 46, Apr., pp. 214-226). 
The author describes the electrolytes and operating conditions 
used for the electrolytic polishing of various metals including 
steels. For steels and chromium the electrolyte consists of 
1000 c.c. of glacial acetic acid mixed with 50 c.c. of perchloric 
acid of density 1-59-1-61. The mixture is made without 
special precautions, as it does not become hot, and the mixture 
can be used without fear of explosion. A little water 
(5-15 ¢.c. per litre) may be added, as this increases the 
conductivity of the electrolyte and therefore reduces the 
potential required to set up the desired current density. 
The author presents tables of data showing the influence of 
various factors (specimen surface, shape of cathode, bath 
temperature, voltage, current density, ete.) on the quality 
of the resulting polish when using the electrolyte undiluted 
or diluted with 10 c.c. and 15 c.c. of water per litre. The 
difficulty of removing the coloured, viscous, and hot layer 
from the polished specimens is got over by washing for a few 
seconds in a dilute aqueous solution of hydrofluoric acid. 
Micrographs demonstrate the quality of the polish that can 
be obtained on Armco iron, 0-3°, carbon steel, and 18/8 steel. 

A. i... 

Metallographic Identification of Lead in Steel. LL. Cocciolo. 
(Metallurgia Italiana, 1948, vol. 40, Mar.—Apr., pp. 74-75: 
[Abstract] Metals Review, 1948, vol. 21, Dec., p. 28). The 
composition and method of use are given of a special etching 
reagent which permits the identification of lead inclusions 
in high-speed steels. 

True and Pseudo Nitrogen Pearlite. H. Schottky. (Zeit- 
schrift fiir Metallkunde, 1949, vol. 40, Mar., pp. 98-100). 
Using references to the literature, two examples are cited of 
true eutectoids, having the lamellar appearance of pearlite, 
formed by decomposition of the a-phase in nitrogen-rich 
iron alloys. The part played by carbon in the formation of 
these eutectoids is discussed. It is shown that the appearance 
of a pseudo-eutectoid in nitrogen-rich austenitic iron— 
chromium-nickel alloys is merely a precipitation from the 
solid solution, observations of a similar nature having been 
made with regard to the precipitation of Al,Mg, from mag- 
nesium-rich alurrinium—magnesium alloys.—R. A. R. 

Crystallite Theory of Strength of Metals. W. A. Wood and 
W. A. Rachinger. (Journal of the Institute of Metals, 1949* 
vol. 75, pp. 571-594). Evidence is put forward for the view 
that the metallic grain contains a fundamental unit of struc- 
ture below which the grain cannot be broken down by plastic 
deformation at room temperature. The lower limiting size 
of the unit, termed ‘ crystallite’ has a characteristic value 
for a given metal. This size has been determined for a group 
of body-centred cubic metals—iron, molybdenum, tantalum, 
and tungsten—and, from the measurements, the ultimate 
tensile strength of these metals has been calculated on the 
hypothesis that the crystallite sets a limit to the normal mode 
of deformation by slip. The measurement of the crystallite 
size has been carried out by X-ray diffraction methods which 
utilize two recent developments to avoid the complication of 
internal strains which also affect the X-ray reflections. The 
limiting crystallite size obtained has the following value : 
iron 3, molybdenum 4-2, tantalum 2-4, and tungsten 
2-9 x 10-* cm. 

Isothermal Transformation of Austenite in Two Alloy 
Steels. E. A. Loria. (Transactions of the American Society 
for Metals, 1949, vol. 41, pp. 1248-1260). This work is in 
part a continuation of earlier investigations (see “‘ Acicular 
Transformations in Alloy Steel,” Journ. I. and S8.I., 1948, 
vol. 158, Apr., p. 539). The S-curves for a chromium- 
molybdenum-manganese hypoeutectoid steel and a nickel— 
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chromium-molybdenum hypereutectoid steel are presented 
and evaluated. Both show a full ‘‘ knee” for the pearlite 
reaction and a second lower “ knee ”’ for the bainite reaction, 
separated by a bay of extremely slow reaction. The hyper- 
eutectoid alloy steel austenitized at 845°C. displayed 
undissolved carbides which enhanced the nucleation of the 
pearlite reaction.—R. A. R. 

The Beryllium-Iron System. R. J. Teitel and M. Cohen. 
(American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 2550: Journal of Metals, 1949, 


vol. 1, Apr., Section 3, pp. 285-296). An investigation of 


beryllium-iron alloys is reported with particular reference to 
the beryllium-iron equilibrium diagram. The following 
conclusions were reached: (1) The available beryllium 
(99-4 wt.%) was sufficiently impure to exhibit a double 
arrest at the melting point ; (2) because of the binary nature 
of this beryllium, the beryllium-iron diagram investigated 
turned out to be a section through a ternary system. The 
experimental data were analysed on this basis, and then the 
beryllium-iron binary diagram was deduced by allowing the 
three-component relationships to degenerate into a two- 
component diagram, thus eliminating one degree of freedom. 
This approximation was only necessary at the beryllium end 
of the system; (3) the solid phases in the system were 
identified and are listed; (4) the beryllium-iron diagram 
contains two eutectics: one at 1225°C. L; = 09.4 + €;; 
and the other at 1165° C. Leg = B37 + ag; There is 
also a peritectic at 1375°C., Lig -- Bo: = €:8; and a 
eutectoid at 1010°C., €, = A<o., - The subscripts 
indicate atomic percent iron; (5) the € phase decomposes 
congruently on heating into € at 1075°, and the B melts 
congruently at about 1480° C.; (6) there are appreciable 
ranges of solubility in the «, B, and e phases, but very 
limited solubility in the { and @ phases.—s. c. R. 

Use of a Temperature-Gradient Instrument for Investi- 
gating the Decomposition of Austenite in Alloy Steels. 
N. E. Karskii and V. V. Balakin. (Zavodskaya Laboratoriya, 
1947, vol. 13, pp. 840-844 [in Russian]: Chemical Abstracts, 
1949, vol. 43, Jan. 25, cols. 537-538). A specimen 3-5 mm. 
in dia. and 30 mm. long was heated in a special apparatus 
above the critical temperature, then one end was quenched in 
water and the other end maintained above the critical 
temperature and a temperature gradient created along the 
entire length of the specimen. After a specified time the 
entire specimen was quenched and then polished for micro- 
scopic examination. In studying a steel containing 0-74°% C 
1-08% Cr, 2-15% Ni, 0-32% Mo, 0-10°% Si and 0-52°, Mn, 
the specimens were first heated to 1000° for 5 min. then one 
end was quenched and specimens were held at the temperature 
gradient for 3, 15, 60 and 120 min., respectively, and then 
quenched. The 3-min. specimen contained no pearlite or 
bainite and only a small amount of martensite; those held 
15 and 60 min. contained increasing amounts of pearlite and 
bainite. The method permitted a rapid study of the S-ions 
curve characteristics of a given steel. 

Constitution of Iron-Nickel-Chromium Alloys at 650° to 
800° C. W. P. Rees, B. D. Burns, and A. J. Cook. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, July, pp. 325- 
336). A considerable number of iron-nickel-chromium alloys 
were prepared with a range of compositions extending from 
40 to 80% of iron, 0 to 60%, of nickel, and 6 to 50% of 
chromium, using component elements of very high purity. 
Metallographic and X-ray investigations of the alloy structures 
were made to determine the limits of composition at which the 
sigma constituent did not exist as an equilibrium component 
after annealing the alloys at 650° and 800°C. The results 
show that these limits extend into a range of compositions 
considerably lower in chromium content than has been 
previously stated. A feature of the alloys was the sluggish 
behaviour of the more highly alloyed compositions during 
annealing treatments, and it was found that the transition 
from the A phase to the (y + 8) phase was not always a 
single-stage reaction, but could be preceded by the precipi- 
tation of an intermediate « phase which in some compositions 
was very persistent. 


CORROSION 


Cathodic Protection. (Symposium by the Electrochemical 
Society and the National Association of Corrosion Engineers : 
National Association of Corrosion Engineers, 1949). This 
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Symposium was held at Pittsburgh, Pa., in December, 1947. 
It constituted a review of the state of development of the 
basic principles of cathodic protection and their application 
to the control of corrosion. The following papers were 
presented : 

Electrochemical Principles of Cathodic Protection, by 

H. Brown and G. C. English (pp. 7-11). 

Characteristics and Field Use of Electrical Instruments for 
Corrosion Investigations and Cathodic Protection, |) 
M. C. Miller (pp. 12-33). 

Characteristics of Half-Cells Used as Reference Electrodes, 
by P. Fugassi (pp. 34-36). 

Laboratory Methods for Determining the Current Density 
Required for Cathodic Protection, by R. B. Mears and 
J. M. Bialosky (pp. 37-46). 

Current Required for Cathodic Protection, by N. P. Peifer 
(pp. 47-53). 

Detection, Measurement and Mitigation of Stray-Current 
Electrolysis, by F. B. Fry (pp. 54-56). 

Detection and Measurement of Currents other than Stray 
Currents, including Magnetic Earth Currents, by L. R. 
Sheppard (pp. 57-65). 

Co-ordination of Cathodic Protection Installations to 
Avoid Interference with Adjacent Structures, by L. B. 
Nelson (pp. 66-72). 

Use of Rectifiers as an External Source of Protective 
Currents, by F. A. Waelterman (pp. 73-76). 

The Use of Wind Driven Generators as an External 
Source of Protective Currents, by M. L. Jacobs (pp. 77-79). 

Economic Factors Bearing on Application of Cathodic 
Protection, by D. B. Good (pp. 80-87). 

Locations and Materials for Anodes for Impressed Current, 
by D. Holsteyn (pp. 88-92). 

Relative Merits of Various Cathodic Protection Current 
Sources, by G. R. Olson and C. W. Evans (pp. 93-96). 

Physical and Chemical Characteristics of Zinc Anodes, by 
E. A. Anderson (pp. 97-100). 

Current Output of Light Metal Galvanic Anodes as a 
Function of Soil Resistivity, by E. D. Verink, K. K. Reid. 
and E. R. Diggins (pp. 101-103). 

Fundamental Characteristics of Magnesium Galvanic 
Anodes, by H. A. Robinson (pp. 104-113). 

Practical Use of Galvanic Anodes, by H. W. Wahlqui-t 
and H. M. Fanett (pp. 114-143). 

Behaviour of Experimental Zinc-Iron Couples Under- 
ground, by I. A. Denison and W. Romanoff (pp. 144-157). 

Effect of Environment Characteristics on Cathodic 
System Designs, by F. J. LeFebre and L. P. Sudrabin 
(pp. 185-188). 

Relations between Protective Coatings and Cathodic 
Protection, by G. Corfield (pp. 189-191). 

Cathodic Protection in the Control of Stress Corrosion 
Cracking, by H. J. McDonald and J. T. Waber (pp. 192 
203). 

The Corrosion of Buried or Submerged Pipes. A. H. Stuart. 
(Petroleum, 1948, vol. 11, No. 11, pp. 252-253: Metallurgical 
Abstracts, 1949, vol. 16, Feb., p. 342). This article is devoted 
mainly to steel pipes, but galvanizing is mentioned briefly. 
Elementary laboratory experiments are described which 
indicate the value of zinc for use in the cathodic protection 
of steel pipes. 

Environmental pH as a Factor in Control of Anaerobic 
Bacterial Corrosion. J. B. Hunter, H. F. McConomy, and 
R. F. Weston. (American Petroleum Institute, Twenty- 
eighth Annual Meeting, Proceedings, 1948, Nov., pp. 42-47). 
See Journ. I. and S.I., 1949, vol. 162, May, p. 126. 

ae Different Evaluations of the Corroding Power 


of Waters. . W. Haase. (Archiv fiir Metallkunde, 1949, 
vol. 3, Mar., nl 114-117). The corroding power of a boiler 
water is often determined by its content of excess CO, (the 


amount in excess of that necessary to hold the calcium 
bicarbonate in solution). In this paper the effects of other 
factors are discussed. The alkalinity of the water adjacent 
to the wall of a boiler tube can be affected. If the pH is 
raised to 11-0 over a distance of 1 mm. from the wall of a 
l-in. tube this represents about 20% of the water in tube, 
but 1 mm. in a 4$-in. tube represents only 2-5%. These 
values represent changes of 5 and 0-5 mg./l., respec tively, 
in the content of excess CO,. The size of the boiler there fore 
affects the corroding power of the water.—R. A. R. 
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in the members of the grid obtained by calculation were in 
good agreement with the experimental values. The high 
sensitivity of the method developed was shown by a number 
of experiments.—s. K. 

Plastic Deformation of Metals. (American Iron and Steel 
Institute, 1948, June, Contributions to the Metallurgy of 
Steel, No. 21). This is a bibliography of the English and 
American literature from 1940 to 1946 on the plastic deforma- 
tion of metals. It contains 261 abstracts.—Rr. a. R. 

The Plastic Yielding of Notched Bars under Tension. R. 
Hill. (Quarterly Journal of Mechanics and Applied Mathe- 
matics, 1949, vol. 2, Part 1, pp. 40-52). The state of stress 
in the core of a notched bar is analysed at the moment when 
pronounced plastic yielding begins. The theory is two- 
dimensional and an ideal plastic—rigid material is assumed. 
Following a general analysis of the problem, the magnitude 
of the constraint factor is calculated for a deep notch with a 
semicircular root. The correct approach to problems of 
plane plastic strain is discussed, and is further illustrated 
by a re-examination of the classical work of Prandtl on 
indentation (which is closely related in principle to the 
notched bar problem). 

The Distribution of Stress in the Neighbourhood of a Crack. 
T. J. Willmore. (Quarterly Journal of Mechanics and 
Applied Mathematics, 1949, vol. 2, Part 1, pp. 53-63). The 
paper describes the ocr dee Me by complex variable 
methods, of the distribution of stress in the neighbourhood 
of a two-dimensional Griffith crack when the pressure varies 
along the crack. The analysis is extended to deal with 
problems involving cracks in aeolotropic materials possessing 
two directions of elastic symmetry. The paper concludes with 
an investigation of the stress distribution in the neighbourhood 
of two collinear cracks of equal length, and formule are 
found giving the shape of the cracks and the critical tensile 
stress normal to the cracks which will produce rupture. It is 
shown that the influence of one crack on the other is very 
small provided that the distance between the cracks exceeds 
the length of each crack. The methods of this paper can also 
be used to solve the problem of the indentation of the plane 
boundary of an isotropic or aeolotropic material by a single 
punch of any shape, or by a flat-ended double punch. 

Application of Electrical Resistance Strain Gauges. A. L. 
Tannahill. (Engineer, 1949, vol. 187, June 10, pp. 630-633). 
Detailed descriptions are given of the standardized techniques 
developed by Babcock and Wilcox, Ltd., for fixing and using 
resistance strain gauges on the internal and external surfaces 
of pressure vessels for testing purposes. Internal gauges, 
after attaching and wiring, are boxed in with pressure plastic, 
coated with Di-Jell, and covered with polythene ; an overall 
layer of pressure plastic, a covering of Bostik, and a coating 
of Hermetite are then applied. External gauges, after 
attaching and wiring are smeared with Di-Jell, taped with 
polythene, covered with Bostik, and finally, covered with felt. 
In all cases the steel surface is carefully cleaned and dried, and 
precautions are taken to prevent moisture and air from being 
trapped in the gauge and its protective coatings.—R. A. R. 


METALLOGRAPHY 


Characteristics of Metallographic Polishing Powders. HE. ©. 
Rollason, E. Sharratt, and R. R. Roberts. (Journal of 
The Iron and Steel Institute, 1949, vol. 162, July, pp. 265- 
270). The physical properties of powders used for metal- 
lographic polishing of mild-steel specimens have been studied. 
The most essential factor for successful polishing is that the 
particles shall be plate-shaped; it is suggested that the 
polishing depends largely on the frictional characteristics 
between the flat plates of the powder and the specimen, 
and not on a cutting action. Gamma alumina, as obtained 
by calcining alum at 1100°C. for 1 hr., consists of such 
particles, but alpha alumina may also be obtained in suitable 
plate-shaped particles by calcining ammonium alum at 
1250° C. for 1 hr. Normal commercial samples of alpha 
alumina are granular and unsuitable for polishing. Gamma 
alumina is softer than the alpha variety and is serviceable 
over a wider size range. A specific surface area of about 
5000 sq. cm./g. is suggested for the gamma alumina, but 
much finer material, e.g., 15,000 sq. cm./g. is necessary in the 
case of alpha alumina. Impurities of sulphur or chlorine in 
gamma alumina may cause etching or pitting of the specimen 
surface. There is no advantage in the use of deflocculants, 
which only reduce the rate of polishing. 
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Electrolytic Polishing of Iron and Steel. J. Pow. (Metal Treat- 
ment and Drop Forging, 1949, vol. 16, Spring Issue, pp. 31-37). 
The author explains the theory of electrolytic polishing, and 
passes on to describe his own methods for the polishing of car- 
bon and alloy steels and of white cast irons. He uses Jacquet’s 
solution, containing 765 c.c. acetic anhydride, 180 c.c. 
60% perchloric acid and 55 c.c. water, per litre : his electrical 
circuit provides rectified direct current at 110 V. and 30 amp. 
full load. He finds that stirring and temperature control 
within the range 15°-20°C. are necessary. Illustrations 
indicate considerable success in revealing the structures of 
the alloys in question.—J. P. 

Researches on the Electrolytic Polishing of Steels, Chromium 
and Light Alloys for re aga rag P. A. Jacquet. 
(Société Frangaise de Metallurgie, Oct. 1948: Revue de 
Métallurgie, Mémoires, 1949, vol. 46, pity pp. 214-226). 
The author describes the electrolytes and operating conditions 
used for the electrolytic polishing of various metals including 
steels. For steels and chromium the electrolyte consists of 
1000 c.c. of glacial acetic acid mixed with 50 c.c. of perchloric 
acid of density 1-59-1-61. The mixture is made without 
special precautions, as it does not become hot, and the mixture 
can be used without fear of explosion. A little water 
(5-15 ¢.c. per litre) may be added, as this increases the 
conductivity of the electrolyte and therefore reduces the 
potential required to set up the desired current density. 
The author presents tables of data showing the influence of 
various factors (specimen surface, shape of cathode, bath 
temperature, voltage, current density, etc.) on the quality 
of the resulting polish when using the electrolyte undiluted 
or diluted with 10 c.c. and 15 ¢.c. of water per litre. The 
difficulty of removing the coloured, viscous, and hot layer 
from the polished specimens is got over by washing for a few 
seconds in a dilute aqueous solution of hydrofluoric acid. 
Micrographs demonstrate the quality of the polish that can 
be obtained on Armco iron, 0-3°; carbon steel, and 18/8 steel. 

A. E. C. 

Metallographic Identification of Lead in Steel. L. Cocciolo. 
(Metallurgia Italiana, 1948, vol. 40, Mar.—Apr., pp. 74-75: 
[Abstract] Metals Review, 1948, vol. 21, Dee., p. 28). The 
composition and method of use are given of a special etching 
reagent which permits the identification of lead inclusions 
in high-speed steels. 

True and Pseudo Nitrogen Pearlite. H. Schottky. (Zeit- 
schrift fiir Metallkunde, 1949, vol. 40, Mar., pp. 98-100). 
Using references to the literature, two examples are cited of 
true eutectoids, having the lamellar appearance of pearlite, 
formed by decomposition of the a-phase in nitrogen-rich 
iron alloys. The part played by carbon in the formation of 
these eutectoids is discussed. It is shown that the appearance 
of a pseudo-eutectoid in nitrogen-rich austenitic iron- 
chromium -nickel alloys is merely a precipitation from the 
solid solution, observations of a similar nature having been 
made with regard to the precipitation of Al,Mgs; from mag- 
nesium-rich aluminium—magnesium alloys.—R. A. R. 

Crystallite Theory of Strength of Metals. W. A. Wood and 
W. A. Rachinger. (Journal of the Institute of Metals, 1949° 
vol. 75, pp. 571-594). Evidence is put forward for the view 
that the metallic grain contains a fundamental unit of struc- 
ture below which the grain cannot be broken down by plastic 
deformation at room temperature. The lower limiting size 
of the unit, termed ‘ crystallite’ has a characteristic value 
for a given metal. This size has been determined for a group 
of body-centred cubic metals—iron, molybdenum, tantalum, 
and tungsten—and, from the measurements, the ultimate 
tensile strength of these metals has been calculated on the 
hypothesis that the crystallite sets a limit to the normal mode 
of deformation by slip. The measurement of the crystallite 
size has been carried out by X-ray diffraction methods which 
utilize two recent developments to avoid the complication of 
internal strains which also affect the X-ray reflections. The 
limiting crystallite size obtained has the following value : 
iron 3, molybdenum 4-2, tantalum 2-4, and _ tungsten 
2-9 x 10-* cm. 

Isothermal Transformation of Austenite in Two Alloy 
Steels. EE. A. Loria. rs of the American Society 
for Metals, 1949, vol. 41, pp. 1248-1260). This work is in 
part a continuation of yd investigations (see ‘‘ Acicular 
Transformations in Alloy Steel,’ Journ. I. and 8.I., 1948, 
vol. 158, Apr., p. 539). The S-curves for a chromium- 
molybdenum-manganese hypoeutectoid steel and a nickel- 
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chromium-molybdenum hypereutectoid steel are presented 
and evaluated. Both show a full ‘‘ knee” for the pearlite 
reaction and a second lower “ knee ”’ for the bainite reaction, 
separated by a bay of extremely slow reaction. The hyper- 
eutectoid alloy steel austenitized at 845°C. displayed 
undissolved carbides which enhanced the nucleation of the 
pearlite reaction.—R. A. R. 

The Beryllium-Iron System. R. J. Teitel and M. Cohen. 
(American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 2550: Journal of Metals, 1949, 
vol. I, Apr., Section 3, pp. 285-296). An investigation of 
beryllium-iron alloys is reported with particular reference to 
the beryllium-iron equilibrium diagram. The following 
conclusions were reached: (1) The available beryllium 
(99-4 wt.%) was sufficiently impure to exhibit a double 
arrest at the melting point ; (2) because of the binary nature 
of this beryllium, the sac cate tg diagram investigated 
turned out to be a section through a ternary system. The 
experimental data were analysed on this basis, and then the 
beryllium-iron binary diagram was deduced by allowing the 
three-component relationships to degenerate into a two- 
component diagram, thus eliminating one degree of freedom. 
This approximation was only necessary at the beryllium end 
of the system; (3) the solid phases in the system were 
identified and are listed; (4) the beryllium-iron diagram 
contains two eutectics: one at 1225°C. L; = 09.4 + €;; 
and the other at 1165° C. Leg = Bs, + ae; There is 
also a peritectic at 1375° C., Ly 21 = €1:8; and a 
eutectoid at 1010°C., «, = be... + €,. The subscripts 
indicate atomic percent iron: (5) the { phase decomposes 
congruently on heating into € at 1075°, and the B melts 
congruently at about 1480° C.; (6) there are appreciable 
ranges of solubility in the «, B, and ¢€ phases, but very 
limited solubility in the { and @ phases.—J. c. R. 

Use of a Temperature-Gradient Instrument for Investi- 
gating the Decomposition of Austenite in Alloy Steels. 
N. E. Karskii and V. V. Balakin. (Zavodskaya Laboratoriya, 
1947, vol. 13, pp. 840-844 [in Russian]: Chemical Abstracts, 
1949, vol. 43, Jan. 25, cols. 537-538). A specimen 3-5 mm. 
in dia. and 30 mm. long was heated in a special apparatus 
above the critical temperature, then one end was quenched in 
water and the other end maintained above the critical 
temperature and a temperature gradient created along the 
entire length of the specimen. After a specified time the 
entire specimen was quenched and then polished for micro- 
scopic examination. In studying a steel containing 0-74°, C, 
1-08% Cr, 2-15% Ni, 0-32% Mo, 0-10°% Si and 0-52°, Mn; 
the specimens were first he ated to 1000° for 5 min. then one 
«nd was quenched and specimens were held at the temperature 
gradient for 3, 15, 60 and 120 min., respectively, and then 
quenched. The 3-min. specimen contained no pearlite or 
bainite and only a small amount of martensite; those held 
15 and 60 min. contained increasing amounts of pearlite and 
bainite. The method permitted a rapid study of the S-ions 
curve characteristics of a given steel. 

Constitution of Iron-Nickel-Chromium Alloys at 650° to 
800° C. W. P. Rees, B. D. Burns, and A. J. Cook. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, July, pp. 325- 
336). A considerable number of iron-nickel-chromium alloys 
were prepared with a range of compositions extending from 
40 to 80% of iron, 0 to 60°, of nickel, and 0 to 50% of 
chromium, using component elements of very high purity. 
Metallographic and X-ray investigations of the alloy structures 
were made to determine the limits of composition at which the 
sigma constituent did not exist as an equilibrium component 
after annealing the alloys at 650° and 800°C. The results 
show that these limits extend into a range of compositions 
considerably lower in chromium content than has been 
previously stated. A feature of the alloys was the sluggish 
behaviour of the more highly alloyed compositions during 
annealing treatments, and it was found that the transition 
from the A phase to the (y + 8) phase was not always a 
single-stage reaction, but could be preceded by the precipi- 
tation of an intermediate « phase which in some compositions 
was very persistent. 


CORROSION 


Cathodic Protection. (Symposium by the Electrochemical 
Society and the National Association of Corrosion Engineers : 
National Association of Corrosion Engineers, 1949). This 
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Symposium was held at Pittsburgh, Pa., in December, 1947. 
It constituted a review of the state of development of the 
basic principles of cathodic protection and their application 
to the control of corrosion. The following papers were 
presented : 

Electrochemical Principles of Cathodic Protection, by 
R. H. Brown and G. C. English (pp. 7-11). 

Characteristics and Field Use of Electrical Instruments for 
Corrosion Investigations and Cathodic Protection, \ 
M. C. Miller (pp. 12-33). 

Characteristics of Half-Cells Used as Reference Electrodes, 
by P. Fugassi (pp. 34-36). 

Laboratory Methods for Determining the Current Density 
Required for Cathodic Protection, by R. B. Mears and 
J. M. Bialosky (pp. 37-46). 

Current Required for Cathodic Protection, by N. P. Peifer 
(pp. 47-53). 

Detection, Measurement and Mitigation of Stray-Current 
Electrolysis, by F. B. Fry (pp. 54—56). 

Detection and Measurement of Currents other than Stray 
Currents, including Magnetic Earth Currents, by L. R. 
Sheppard (pp. 57-65). 

Co-ordination of Cathodic Protection Installations to 
Avoid Interference with Adjacent Structures, by L. B. 
Nelson (pp. 66-72). 

Use of Rectifiers as an External Source of Protective 
Currents, by F. A. Waelterman (pp. 73-76). 

The Use of Wind Driven Generators as an External 
Source of Protective Currents, by M. L. Jacobs (pp. 77-79). 

Economic Factors Bearing on Application of Cathodic 
Protection, by D. B. Good (pp. 80-87). 

Locations and Materials for Anodes for Impressed Current, 
by D. Holsteyn (pp. 88-92). 

Relative Merits of Various Cathodic Protection Current 
Sources, by G. R. Olson and C. W. Evans (pp. 93-96). 

Physical and Chemical Characteristics of Zinc Anodes, 

EK. A. Anderson (pp. 97-100). 

Current Output of Light Metal Galvanic Anodes as a 
Function of Soil Resistivity, by E. D. Verink, K. K. Reid. 
and E. R. Diggins (pp. 101-103). 

Fundamental Characteristics of Magnesium Galvanic 
Anodes, by H. A. Robinson (pp. 104-113). 

Practical Use of Galvanic Anodes, by H. W. Wahlqui-t 
and H. M. Fanett (pp. 114-143). 

Behaviour of Experimental Zinc-Iron Couples Under- 


ground, by I. A. Denison and W. Romanoff (pp. 144—157). 
Effect of Environment Characteristics on Cathodic 
System Designs, by F. J. LeFebre and L. P. Sudrabin 
(pp. 185-188). 
Relations between Protective Coatings and Cathodic 


Protection, by G. Corfield (pp. 189-191). 

Cathodic Protection in the Control of Stress Corrosion 
Cracking, by H. J. McDonald and J. T. Waber (pp. 192 
203). 

The Corrosion of Buried or Submerged Pipes. A. H. Stuart. 
(Petroleum, 1948, vol. 11, No. 11, pp. 252-253: Metallurgical 
Abstracts, 1949, vol. 16, Feb., p. 342). This article is devoted 
mainly to steel pipes, but galvanizing is mentioned briefly. 
Elementary laboratory experiments are described which: 
indicate the value of zinc for use in the cathodic protection 
of steel pipes. 

Environmental pH as a Factor in Control of Anaerobic 
Bacterial Corrosion. J. B. Hunter, H. F. McConomy, and 
R. F. Weston. (American Petroleum Institute, Twenty- 
eighth Annual Meeting, Proceedings, 1948, Nov., pp. 42-47). 
See Journ. I. and S§.I., 1949, vol. 162, May, p. 126. 

Concerning Different Evaluations of the Corroding Power 
of Waters. L. W. Haase. (Archiv fiir Metallkunde, 1949, 
vol. 3, Mar., pp. 114-117). The corroding power of a boiler 
water is often determined by its content of excess CO, (the 
amount in excess of that necessary to hold the calcium 
bicarbonate in solution). In this paper the effects of other 
factors are discussed. The alkalinity of the water adjacent 
to the wall of a boiler tube can be affected. If the pH is 
raised to 11-0 over a distance of ] mm. from the wall of a 
l-in. tube this represents about 20% of the water in tube, 
but 1 mm. in a 4}-in. tube represents only 2-5%. These 
values represent changes of 5 and 0-5 mg./L., respec tively, 
in the content of excess CO,. The size of the boiler therefore 
affects the corroding power of the water.—R. A. R. 
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The Effect of Colloids on the Corrosion by Water in Hot- 
Water and Central Heating Installations. W. Machu. 
(Archiv fiir Metallkunde, 1949, vol. 3, Feb., pp. 71-76). 
The corrosion-inhibiting effects of colloids such as waterglass, 
gelatine, agar-agar, starch, hay extract, and tannin in distilled 
water and tap water on soft iron at 60° C. were tested. Good 
protective layers were obtained by additions of (a) 3°, liquid 
waterglass, and (b) alkaline tannin solution with 0-01°, 
tannin and 0-1°, alkali.—nr. A. R. 


Degassing Waters to Prevent Corrosion. K Wickert, 
K. Nolten, J. Kroll, and E. Ipach. (Archiv fiir Metall- 
kunde, 1949, vol. 3, Mar., pp. 105-113). The authors 
investigated the reaction of oxidation of sodium sulphite to 
sodium sulphate with molecular oxygen. The first part of 
the paper describes experimental work on degassing neutral 
waters and the second part deals with work on alkaline waters. 
The results of the latter tests indicated that, when degassing 
was done at room temperature, other active intermediate 
sulphur compounds were formed in addition to the sodium 
sulphate. At higher temperatures no corrosive intermediate 
products are formed, and make-up water should be degassed 
at 80° C. and there should be no excess of sodium sulphite. 
The third part discusses the reaction of molecular oxygen 
with boiler water containing hydrazine.—Rr. A. R. 


Passivation of Iron by Gaseous Oxygen. H. A. Shumilova 
and R. Kh. Burshtein. (Comptes Rendus (Doklady) de 
Académie des Sciences, U.R.S.S., 1948, vol. 61, July 21, 
pp. 475-478 fin Russian]: [Abstract] Metals Review, 1948, 
vol. 21, Dec., p. 16). The anodic passivation of iron in a 
dilute solution previously treated with gaseous oxygen, and 
the influence of temperature on the amount of electricity 
required to form Fe(OH), are studied. 

Pipe-Line Corrosion by Sour Crude Oil. L. R. Sheppard. 
(American Petroleum Institute, Twenty-eighth Annual 
Meeting, Proceedings, 1948, Nov., pp. 27-31). The corrosion 
of pipelines by crude oil containing hydrogen sulphide is 
discussed. The four main mechanisms by which the corrosion 
occurs are: (1) Direct chemical combination of hydrogen 
sulphide with iron ; (2) oxidation of hydrogen sulphide to Re 
sulphur, followed by chemical combination of sulphur with 
iron ; (3) iron sulphides formed in (1) and (2) form galvanic 
cells with iron in the presence of brine ; and (4) creation of 
hydrogen-sulphide concentrate cells which accelerate the 
combination of sulphide or sulphur with iron.—Rr. A. R. 


The Corrosion of Heating Surfaces in Boiler Plants: Further 
Studies in Deposit Formation. J. R. Rylands and J. R. 
Jenkinson. (Proceedings of the Institution of Mechanical 
Engineers, 1948, vol. 158, No. 4, pp. 405-425). See Journ. 
I. and 8.1., 1948, vol. 159, May, p. 108. 


Causes of Flue Gas Deposits and Corrosion in Modern 
Boiler Plants. W. F.: Harlow. (Institution of Mechanical 
Engineers and Institution of Electrical Engineers, Joint 
Meeting, Mar. 4, 1949: Advance Copy). The catalytic 
production of sulphurie acid in flue gases by their passage 
over heated iron surfaces is primarily responsible for the 
filue-gas deposits and corrosion in all parts of boiler plants. 
Experiments are described which show that when flue gases 
are passed over sand-blasted steel surfaces which are main- 
tained at the gradation in metal temperatures which can 
occur through a modern boiler plant, sulphur trioxide is 
produced at the high-temperature surfaces, causing sulphuric 
acid to condense on the cooler surfaces. When the maximum 
surface temperature is moderated no appreciable formation of 
acid occurs. It is believed that the interaction of the sulphur 
trioxide in the generation zone, and the condensed acid in 
the cooler zone, with the various constituents of the fuel ash 
and the metal of the heating surface, can explain all the 
numerous deposit and corrosion effects which have been the 
subject of research work both here and abroad during recent 
years. The high surface temperatures which are necessary 
for the catalytic action to occur are largely due to the general 
advances in operating temperatures and pressures, and in 
some measure to ‘ surface combustion ’ taking place on the 
tube surfaces, elevating their temperature above that which 
they would acquire if swept only by inert gases. Although 
the advance in steam and water temperatures is considered to 
be a primary factor in these difficulties, many other contri- 
butory factors, particularly the nature of the fuel, play an 
important part. Pulverized-fuel boiler plants are least 
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affected and, at the present time, the adoption of pulverized 
fuel appears to be the most effective way of dealing with the 
problem. Further research is necessary to devise practical 
means of prevention or alleviation in stoker- and oil-fired 
plants, and it is thought that full consideration of the factors 
outlined in the paper may materially assist in this object. 


Unusual Corrosion in High Pressure Boilers. S. T. Powell 
and L. G. von Lossberg. (Corrosion, 1949, vol. 5, Mar., 
pp. 71-78). Three examples of unusual corrosion in boilers 
are described. In the first, the feedwater at times contained 
an unusually heavy concentration of ammonia, this, with 


oxygen in the feedwater caused fairly large amounts of 


copper to be picked up from the heat-exchange equipment. 
This copper was deposited in places as a spongy mass and 
corroded areas were found adjacent to them and under layers 
of dense magnetic iron oxide mixed with copper. The 
attack was of the nature of hydrogen embrittlement accelera- 
ted by the presence of copper. The second case was corrosion 
associated with heavy deposits of magnetic iron oxide without 
any copper ; the presence of this oxide was traced to products 
of corrosion carried into the boiler by the feedwater. The 
third case concerned damaged rolled-in junctions where 
boiler tubes entered the drums. The rolling-in operation had 
left seams in which caustic solution could concentrate causing 
cracks and embrittlement. The use of a boiler-scale measuring 
instrument which indicates scale thicknesses of 0-001 in. is 
advocated for boiler inspection.—R. A. R. 


Caustic Embrittlement of Boiler Metal. A.Stubbs. (Steam 
Engineer, 1949, vol. 18, Feb., pp. 163-165; Mar., pp. 223 


224). The author relates the earlier history and cause of 


embrittlement with effective mechanical and chemical 
preventative measures developed during recent years. The 
chemical measures include the use of water softeners which 
do not form sodium hydroxide. The mechanical measures 
include stress relieving in the case of welded drums, and 
internal caulking; regular inspection is also a necessity. 


Corrosion Investigations on Hard Chromium Coatings. 
W. Ejilender, H. Arend, and F. Sadrazil. (Metalloberflache. 
1949, vol. 3, Feb., pp. 32-35). Results of tests of the corrosion 
resistance of hard chromium coatings are discussed. The 
corrosion resistance can be controlled to some extent by the 
plating conditions, e.g., anodic polishing of the surface of the 
parent metal improves the corrosion resistance of the coating. 
Heat-treatment decreases the resistance. Treatment in a 
nitrite or paraffin bath does not lower the resistance to sea 
water. Treatment in a phosphate bath, either before or after 
chromium plating, lowers the corrosion resistance.—R. A. R. 


The Cracking of Mild Steel under the Influence of Inter- 
crystalline Corrosion in Ammonium Nitrate Solution. M. 
Smialowski, B. Kope¢, and J. Michalik. (Prace Badaweze 
Gléwnego Institutu Metalurgii i Odlewnictwa, 1949, No. 1, 
pp. 1-12). [In Polish]. The authors present and discuss 
the results of corrosion tests on mild steel plate under load 
in 40°, ammonium nitrate solution at 100°C. Contrary to 
the views of Straub and Ruttmann, plotting the corrosion 
time against the load on a double logarithmic scale does not 
give a straight line. The presence of a little ammonium 
phosphate decreased the rate of corrosion. Specimens cut 
at right-angles to the direction of rolling corroded more 
quickly than those cut in the direction of rolling. Steels 
deoxidized with an excess of aluminium, tempered at about 
850° C. followed by rapid cooling, were highly resistant to 
intercrystalline corrosion. Specimens reheated in nitrogen 
or hydrogen to above 700°C. and cooled slowly suffered 
rapid intercrystalline corrosion. Tempering at low tempera- 
tures (eg., 680°C.) gave the specimens considerable 
resistance.—R. A. R. 


The Surface Protection of Metal Parts in the Superphosphate 
Industry. A. Kufferath. (Metalloberflache, 1949, vol. 3, 
Feb., pp. 40-42). A survey is made of the measures taken to 
protect the metal parts of equipment used in the manufacture 
of superphosphates against corrosion and wear.—R. A. R. 


Electrochemical Studies of Protective Coatings on Metals. 
Part I—Electrode Potential Measurements on Painted Steel. 
F. Wormwell and D. M. Brasher. (Journal of The Iron and 
Steel Institute, 1949, vol. 162, June, pp. 129-135). A des- 
cription is given of an experimental technique for measuring 
changes with time of the electrode potential of painted steel 
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immersed in artificial sea-water. It has been shown that, by 
continuing the observations over longer periods than have 
been used by earlier workers, the electrical measurements can 
be closely correlated with the rate of breakdown of the paint 
as estimated visually and also by determinations of weight 
loss of the underlying metal. The technique has been used to 
investigate the effect of paint thickness, the type of surface 
finish, the method of pretreatment before painting, and the 
type of paint. 

Corrosion of Iron by Water-in-Oil Emulsion. II—Cor- 
rosion of Engines by Emulsions. L. ©. Verman, M. L. 
Khanna, 8. K. Das Gupta, and K. A. Nair. (Journal of 
Scientific and Industrial Research, 1948, vol. 7B, Sept., 
pp. 144-148: [Abstract] Metals Review, 1948, vol. 21, Dec., 
p. 16). Results of accelerated corrosion tests and long-term 
tests show that sodium nitrite is not suitable for use as an 
additive. It is recommended that 0-5°, chromium oleate 
plus 0-5% chromium naphthenate be used as additives to 
lubricating oils for low-temperature internal-combustion- 
engine operation, and for pumps and compressors to inhibit 
corrosion due to emulsified oil. 

Stainless Steels. J. A. Barreiro. (Acero y Energia, 1947, 
vol. 4, No. 22, pp. 16-21; No. 23, pp. 22-28; No. 26, 
pp. 21-26: Chemical Abstracts, 1949, vol. 43, Jan. 25, col. 
538). The first part deals with the development of steels 
to resist oxidation and gives a brief review of the theories of 
corrosion. Tables are given showing composition, treatment, 
and mechanical properties of major stainless steels. Part 
two discusses the constitutional diagrams of chromium and 
chromium-nickel alloys and the relation of these to corrosion- 
resistance properties of stainless steels. Tables are given 
showing the resistance of these to a wide range of acids and 
salts. Part three discusses intergranular corrosion and its 
prevention in stainless steels. Resistance to oxidation and 
mechanical strength at high temperatures are also considered, 
as is the effect of permanent deformation or creep under such 
conditions. 

Solution of Metallic Alloys in the Range of pH 2-6. 
I—Solution Loss of Pure Iron and Various Ferro-Alloys. 
Ii—Solution of Ferro-Manganese. 8. Fujiwara. (Journal 
of the Chemical Society of Japan, 1946, vol. 67, pp. 35-41: 
Chemical Abstracts, 1949, vol. 43, Mar. 10, col. 1703). 


Electrochemical Measurements of the Corrodibility of 
Straight and Alloy Steels in Aqueous Solutions of Various 
Electrolytes. L. Cavallaro. (Ann. Univ. Studi Ferrara, 
1947, vol. 6: Chemical Abstracts, 1949, vol. 43, Jan. 25, 
col. 551). Armco iron and several non-rusting steels were 
investigated by electrochemical methods for their resistance 
to corrosion in neutral solutions of LiCl, NaCl, KCl, KBr, 
KI, Na,SO,, and K,SO,. For non-rusting steels definite 
lower threshold concentrations of the attacking electrolytes 
were determined. The specific effects of the ions involved 
and of oxygen dissolved in the electrolytes were recorded. 

Solution of Carbon Steel in Fatty Acids. V.D. Yakhontov. 
(Journal of Applied Chemistry, U.S.S.R., 1948, vol. 21, 
pp. 667-675: Chemical Abstracts, 1949, vol. 43, Jan. 25, 
col. 540). 


ANALYSIS 


A Guide to Colorimetric Methods of Analysis. L. Silverman. 
(lron Age, 1949, vol. 163, Apr. 28, pp. 88-90, 138, 140-153, 
169). The use of the photoelectric colorimeter for the analysis 
of irons and steels, of heat-resisting alloys of nickel and 
cobalt bases, non-ferrous alloys, and of ferro-alloys, is des- 
cribed. Procedures for the solution of samples of these 
alloys and the separation of interfering elements by preci- 
pitation or the use of the mercury cathode, are given under 
the heading of the element to be determined: they apply 
o 28 separate elements, including all those found in alloy 
steels, together with carbon, nitrogen, and phosphorus, and 
the constituents of non-ferrous alloys.—J. P. s. 


Determination of Chromium and Nickel in Steel without 
the Use of Silver Nitrate. A. G. Bogdanchenko. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Apr., pp. 475-477). 
{In Russian]. In the determination of chromium and nickel 
in steel by the method described, the chromium is oxidized 
by ammonium persulphate instead of by silver nitrate—a 
modification which enables the nickel to be determined in 
the same portion of the solution by electrometric titration 
with potassium cyanide solution.-s. K. 
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A Thermoelectric Method for Determining Silicon in Carbon 
Steels. M.N. Nikitenko. (Zavodskaya Laboratoriya, 1948, 
vol. 14, pp. 365-367 [In Russian]: Chemical Abstracts, 1949, 
vol. 43, Feb. 25, col. 1286). 

The Determination of Copper in Nickel-Bearing Steels and 
Cast Irons: a Photometric Method. 8S. D. Steele and 
L. Russell. (Analyst, 1949, vol. 74, Feb., pp. 105-112). 
A photometric method for the determination of copper in 
nickel-bearing steels and cast irons, by means of sodium 
diethyldithiocarbamate, is described. The procedure makes 
possible a direct determination of copper without any pre- 
liminary separation of either nickel or iron, use being made of 
the soluble nature of the nickel diethyldithiocarbamate in 
ammoniacal solution to suppress nickel interference. The 
effects of additions of gum acacia and aqueous ammonia on 
the nickel diethyldithiocarbamate and the effect of high 
concentrations of ammonia on the stability of the copper 
diethyldithiocarbamate colour solution have been investi- 
gated. The procedure provides figures of high accuracy and 
may readily be employed for batch analysis. The method is 
applicable to the determination of copper in plain carbon 
steels, plain cast irons, low alloy steels and irons, and high 
alloy steels of the 18/8 type. 

Volumetric Determination of Molybdenum in _ Steel. 
P. Ya. Yakovlev. (Zavodskaya Laboratoriya, 1948, vol. 14, 
pp. 397-398 [in Russian]; ¢ ‘hemical Abstracts, 1949, vol. 43. 
Feb. 25, cols. 1283-1284). A method is described which is 
suitable for steels containing over 4—5°, molybdenum for 
which the colorimetric determination, after ether extraction 
is unsatisfactory. 

Determination of Silicon in Tungsten Alloys. I. F. Penkova. 
(Zavodskaya Laboratoriya, 1949, vol. 15, Apr., p. 475). 
{In Russian]. In the method described for the determination 
of silicon in tungsten alloys, the tungsten is oxidized to 
tungstic acid which is brought into solution with phosphori: 
acid.—s. K. 

Modification of Volhard’s Method for the Determination 
of Manganese. L. Bertiaux. (Chimie Analytique, 1949, 
vol. 31, Apr., pp. 84-88). In this modification an excess of 
KMn0O, is added rapidly to prevent the formation of oxide 
inferior to MnO,. This excess of KMnO, is determined by 
titration against sodium arsenite. This method, which is 
described, is suitable for manganese ores which do not contain 
chromium or vanadium, iron ores containing more than 40! 
manganese, and ferromangar +se with 83°, or less manganese. 
Another method (the author’s) for the determination of 
manganese in manganese ores is also described.—-R. F. F. 

Potentiometric Determination of Cerium in _ Steels. 
S. I. Malov, E. F. Pen’kova and A. 8. Koroleva. (Zavod- 
skaya Laboratoriya, 1948, vol. 14, pp. 349-350 [in Russian | 
Chemical Abstracts, 1949, vol. 43, Feb. 25, col. 1282). 

Determination of Oxidic Inclusions in Steel. H. Henkel. 
(Zeitschrift fiir analytische Chemie, 1947, vol. 128, pp. 26-41 : 
[Abstract] Analyst, 1949, vol. 74, Feb., pp. 142-144). 

Spectrograph Analysis of Very Small Samples of Steel. 
L. G. Young. (Engineer, 1949, vol. 187, May 27, pp. 589 
591). A technique for the spec trographic analysis of samples 
of steel as small as 0-005 g. is described. The sample is 
pressed into the prepared surface of a silver rod which then 
forms the lower electrode. The counter electrode is also of 
silver. The sample is submitted in succession to a spark and 
then an are discharge. The spectrograms are evaluated, 
first by examining the are exposure for impurities by the 
usual visual internal comparison method, and then evaluating 
the spark spec trogram by a new method in which the density 
of an element line is correlated with the densities of a number 
of nearby iron lines. All the usual elements, except 
phosphorus and sulphur, and most of the alloying elements, 

can be determined.—R. A. R. 

Mechanism for Rocking the X-Ray Spectrograph. M. A. 
Blokhin. (Zavodskaya Laboratoriya, 1949, vol. 15, Feb., 
pp. 247-248). [In Russian]. The construction of a 
mechanism for rocking heavy vacuum spectrographs used 
for quantitative X-ray analysis i is deseribed.—-s. k. 


Direct and Graphical Spectrographic Analysis with a Single 
Apparatus. P. Coheur and A. Hans. (Iron and Steel 
Institute, 1949, Translation Series, No. 378). This is a 
translation of a paper which py in Revue Universelle 
des Mines, 1949, Series 9, vol. 5, Feb., pp. 63-68 (see Journ. 
I. and 8.1., 1949, vol. 162, “soli ». 126). 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





a ABSTRACTS 


A_ Thermoelectric Method for Sorting Ferrosilicons. 
P. D. Korzh. (Zavodskaya Laboratoriya, 1948, vol. 14, 
pp. 207-210 [in Russian] : Chemical Abstracts, 1949, vol. 43, 
Jan. 25, col. 543). 

Qualitative Mineral Microanalysis. L. Truffert. (Chimie 
Analytique, 1949, vol. 31, Apr., pp. 76-79; May, pp. 106— 
109). The author reviews the methods used in microanalysis. 
There are references to 16 books and 28 articles.—nr. F. F. 

Amperometric Determination of Sulphates in Nickel- 
Plating Baths. V. F. Toropova, E. A. Zimkin, and A. A. 
Popel. (Zavodskaya Laboratoriya, ~1949, vol. 15, Apr., 
pp- 404-407). [In Russian]. An account is given of an 
experimental investigation carried out to determine the 
influence of chlorides on the results of amperometric deter- 
minations of sulphates. Two methods are proposed for the 
determination of the sulphate ion in the presence of chlorides : 
in the first, the chloride ion is precipitated with silver nitrate, 
the sulphate ion then being titrated in the presence of the 
precipitated silver chloride ; in the second method, acetate 
ions are added in sufficient concentration to prevent the 
precipitation of lead chloride, while the precipitation of the 
sulphate takes place quantitatively. The results obtained 
are compared with those of gravimetric analysis.—s. K. 

Potentiometric Determination of Calcium Ions in the 
Presence of Magnesium Ions. 8S. M. Birnbaum and 
M. B. Shchigol. (Zavodskaya Laboratoriya, 1949, vol. 15, 
Apr., pp. 402-404). [In Russian]. The method described 
depends on the precipitation of calcium ions from hot solution 
by standardized sodium oxalate solution, the excess of which 
is then potentiometrically titrated in ammoniacal solution 
with silver nitrate solution.—s. K. 


HISTORICAL 

Metal Founding Through the Ages. H. O'Neill. (Institute 
of British Foundrymen, Edward Williams Lecture : Foundry 
Trade Journal, 1949, vol. 86, June 16, pp. 575-581). The 
ancient history of cast metals is discussed, reference being 
made to the distribution of finds of prehistoric moulds in the 
British Isles. The history of founding is reviewed with 
special mention of work in cast iron and the use of coal before 
the Christian era and with reference to the modern develop- 
ments of casting centrifugally, continuously, and in dies. 

The Little Smith of Nottingham. H.R.Schubert. (Journal 
of The Iron and Steel Institute, 1949, vol. 162, Aug., p. 416) 
A rhymed couplet concerning “ The Little Smith of Notting- 
ham ”’ was published in seventeenth century literature. The 
name of the craftsman is not known, but various documents 
are quoted which show that in 1257 and in the fourteenth 
century extensive metalworking, particularly the making of 
bridles, stirrups, and spurs, was carried on in Nottingham. 

R. A. R. 

A Metallurgical Examination of a Cast Iron Cannon Ball. 
J. E. Hurst and R. V. Riley. (Institute of British Foundry- 
men, June 14-17, 1949, Paper No. 946). The authors give 
an account of their examination of a 300-year old cast-iron 
cannon ball. They examined the nature and reason for 
internal unsoundness, the chemical composition and gas 
content of the iron, and carried out metallographic examina- 
tions.—J. C. R. 

Homeric Metallurgy. T. A. Rickard. (Transactions of the 
Canadian Institute of Mining and Metallurgy, 1949, vol. 52, 
pp. 58-63). Quotations relating to metals, copper and 
bronze in particular, from the Jliad are discussed. The 
Trojan war was in the early days of iron, and Homer, in the 
Iliad, indicates that he is familiar with iron as a commodity 
and as a metal for making agricultural implements, including 
axes ; it was evidently not produced in a quality sufficiently 
good for weapons of war.—R. A. R. 


ECONOMICS AND STATISTICS 

Fifty Years of Lorraine Steelmaking in the French Economy. 
A. Lebrun. (Joint Meeting of the Société d’Encouragement 
pour l’Industrie Nationale and the Société Frangaise de 
Métallurgie, Oct. 28, 1948: Revue de Métallurgie, Mémoires, 
1949, vol. 46, Apr., pp. 181-192). The author presents a 
review of the development of steelmaking in Lorraine, 
France, and the ore basis on which it rests, during the last 
fifty years or so, and of the factors to which the growth of the 
industry was due, and discusses what must be done to restore 
the industry to its former position of high importance in the 
economy of France.—a. E. C. 
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Austrian Iron and Steel Industry. (Iron and Coal Trades 
Review, 1949, vol. 158, May 6, pp. 970-971). The plant and 
development plans of steelworks in the British, American, 
and Russian zones of Austria are reviewed.—4J. C. R. 

The Austrian Iron and Steel Industry. (Monthly Statistical 
Bulletin of the British Iron and Steel Federation, 1949, vol. 24, 
Mar., pp. 11-19). The history of the iron and steel industry 
of Austria since the 1914-18 war is briefly outlined and data 
are presented on the present state of the plants and their 
approximate productive capacities. Finally, an outline of 
the scheme for reorganization of the industry produced in 
1948 under the auspices of the Austrian Ministry of Property 
Control and Economic Planning is given.—R. A. R. 

Commencing the First Five-Year Plan of the Czech Iron 
and Steel Industry. J. Jiéinsky. (Hutnické Listy, 1949, 
vol. 4, Jan., pp. 1-5). [In Czech]. The iron and steel 
industry of Czechoslovakia produced 1,643,000 tons of pig 
iron, 2,624,000 tons of crude tteel, and 1,836,000 tons of 
rolled products in 1948, all of which represented improvements 
on the 1947 figures. A new blast-furnace was put in com- 
mission at Tfinec and two new open-hearth furnaces were 
started at Witkowitz. The steelworks used charges containing 
a much lower proportion of liquid metal than before the 
1939-45 war, but they increased output by employing large 
quantities of light scrap. It is planned to produce 2,700,000 
tons of crude steel in 1949.—r. a. 

The Tasks of the Czech Foundry Industry in the (Czech) 
5-Year Plan. A. M. Pledinger. (Hutnické Listy, 1949, 
vol. 4, Feb., pp. 37-44). [In Czech]. The problems of 
Czech foundries in their endeavours to fulfil the five-year 
plan are discussed. The quality of the castings is considered 
to be good but production is low. It is planned to increase 
output in the next five years by 70°, above the 1948 figure 
with an increase of manpower of 26%,.—E. G. 


MISCELLANEOUS 


The Organization of Siderurgical Research in France and 
Abroad. G. Delbart. (Institut de Recherches de la 
Sidérurgie, Jan. 18, 1949: Revue de Métallurgie, Mémoires, 
1949, vol. 46, Apr., pp. 237-254). The author mentions the 
principal bodies concerned with iron and steel research in 
the U.S.A., Russia, the United Kingdom, Germany, France, 
Belgium, Italy, Czechoslovakia, Canada, Sweden, India, 
Australia, Japan, Spain, and Switzerland, and gives brief 
notes on each.—A. E. ¢. 

Feed Water Conditioning at the Steel Company of Canada, 
Ltd. A. C. Elliott. (Blast Furnace and Steel Plant, 1949, 
vol. 37, May, pp. 564-566, 568, 594). The design and 
operation of the water-conditioning plant at the Steel Company 
of Canada, Hamilton, Ontario, is described. Water taken 
from Lake Ontario is treated by a two-stage process, the first 
stage being a hot-lime-soda process, the second a hot phosphate 
treatment to remove residual calcium carbonate and give a 
very low hardness and turbidity. Recirculation of the first 
stage sludge accelerates precipitation in that stage; the 
addition of caustic soda in the second stage improves pre- 
cipitation there.—J. P. s. 

Report of a Conference on the Origins and Prevention of 
Laboratory Accidents. (Royal Institute of Chemistry, 1948, 
Nov. 6, Lectures, Monographs, and Reports, No. 4). This 
report contains the papers read at the above Conference 
convened by the Royal Institute of Chemistry in co-operation 
with the Institute of Physics and the Institution of Metal- 
lurgists. The papers were : 

The Organisation of Safety Precautions in Chemical 

Laboratories, by J. I. Jones. 

Safety and Good Housekeeping in Chemical Laboratories, 
by L. J. Burrage. 

Prevention of Accidents Arising from Electrical Work, 
by J. C. Cornwell. 

Safety Arrangements in Laboratories Handling Explosives 
and Kindred Materials, by O. C. Ellington. 

Supervision as the Major Factor in the Prevention of 

Laboratory Accidents, by N. H. Mason. 

Safety Precautions to be Observed in Handling Radio- 
active Isotopes, by W. G. Marley. 
Radiation Monitors for Use in Laboratories Handling 

Radioactive Isotopes, by D. Taylor. 

Modern Methods of First Aid Practice in Laboratory 

Accidents, by H. Davis. 
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Water in Iron and Steel Mills. R. Colas. (Eau, 1948, 
vol. 35, pp. 75-95: Bulletin and Foundry Abstracts of the 
British Cast Iron Research Association, 1949, vol. 9, Mar., 
p. 417). The water problem in the French iron and steel 
industries is discussed. Twenty-six references are given. 

A Simple Scheme for the Production of Momentary Flashes 
of Light. LL.D. Bryzzhev. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Apr., p. 492). [In Russian]. An electrical circuit 
is described by which periodic light flashes can be produced, 
the duration of each flash being less than 0-0001 sec. The 
relative simplicity of the apparatus makes it suitable for 
laboratory studies of rapidly moving machine parts, etc. 

S. K. 

Mechanical Insert Repairs in the Steel Industry. R. L. 
Rectenwald. (Iron and Steel Engineer, 1949, vol. 26, May, 
pp. 76-81). The author describes the use of metal inserts 
or ‘locks’ for the repair of cracks in castings. High nickel 
steels (35-60°;, nickel) are used for the locks, which are of 
four main types. The basic lock consists of a forged bar of 
high-strength alloy which is crimped at regular intervals so 


that it has the appearance of a number of cylinders joined 
by straight sections of uniform length. The cylindrical 
sections are called lugs and the shear resistance or holding 
strength depends on the number of lugs anchored on each side 
of the fracture. The locks are installed in slots across the 
fracture to a depth of 75-90% through the section; each lock 
is upset and swelled into the slot by cold working before 
successive locks are driven in. After all locks have been 
installed the fracture is filled by a series of studs or a com- 
bination of studs and dowels. The studs are upset and a con- 
tinuous line of metal is thus caulked into the fracture giving a 
pressure-tight joint. Illustrated details are given of typical 
repairs carried out by this method.—4. c. R. 

Conference of Staffs of Works Laboratories of Leningrad 
Industrial Enterprises. (Zavodskaya Laboratoriya, 1949, 
vol. 15, Apr., pp. 505-508). [In Russian]. The proceedings 
of a conference are given at which the functions of works 
laboratories of the siderurgical and other industries located in 
the Leningrad area were discussed. Recent developments in 
methods of industrial research were dealt with.—s. kK. 


BOOK NOTICES 


AMERICAN SocieTy FOR TESTING MATERIALS. “Symposium 
on Magnetic Testing (1948).’’ Special Technical Publication 
No. 85. 8vo, pp. 198. Illustrated. Philadelphia, 1949 : 
The Society. (Price $3.15) 

This publication contains ten technical papers covering 
some of the new advances in magnetic testing and analysis. 
The subjects covered include the following: Permanent 
Magnet Tests and their Validity in Determining Product 
Performance ; Core Loss Test for Narrow Silicon Steel 
Strip; Variation of Core Loss and Permeability of Elec- 
trical Grade Silicon Sheet Steel; Magnetic Analysis 
Inspection in the Steel Industry; and Magnetic Stress 
Analysis.—8. E. 

3aUKLOH, W. “‘ Die physikalischchemischen Grundlagen der 
Metallurgie.”” (Scientia Chemica, Bd. 7). La. 8vo, 
pp. xv + 304. Berlin, 1949: Akademie Verlag. (Price 
20 DM.) 

To be in a position completely to control metallurgical 
processes requires knowledge of all the relationships 
affecting the end in view, i.e., the production of the metallic 
product with the required composition. The application 
of physical-chemical fundamentals in this respect has not 
received the attention it deserves and comparatively few 
of the pertinent textbooks deal with the possibilities of 
applying physical-chemical relationships to metallurgy. 

The author has, in this volume, set himself the task of 
explaining the application of the physical-chemical line of 
thought to a large number of metallurgical reactions. 
Some practical examples are discussed in addition to the 
theoretical explanations, so that the book is intended for 
both the student and the practising metallurgist. 

The volume is divided into sections with the following 
headings: Character of the Most Important Influencing 
Factors and Energy Relationships ; The State of Materials ; 
Solution Equilibria; Chemical Equilibrium and _ Its 
Application to Smelting Processes ; The Affinity of Chemi- 
cal Reactions; The Calculation of the Chemical Equili- 
brium; The Technical Reaction Velocity; Principal 
Features of Electrochemistry ; Fundamentals for Obtaining 
Electrical Energy from Electrochemical Elements ; Elect- 
rolysis. There is also an appendix containing ten tables and 
27 equilibrium diagrams.—R. A. R. 

Bavuxkion, W. ‘“ Grundlagen und Ausfthrung von Schutz- 
gasglihungen einschliesslich der Verhdltnisse fir das 
kohlende Gltthen von Eisen.” 8vo, pp. 36. Illustrated. 
Berlin, 1949: Akademie Verlag. (Price 5 DM.) 

The exacting requirements of the designer of plant and 
machinery lead to the production of an ever-widening 
range of heat-treaved metals and alloys, and consequently 
to the demand for heat-treating processes which will not 
only impart the desired properties, but also eliminate or 
diminish scale formation. The author has, therefore, in 
this booklet, which is a preprint of a chapter in a larger 
work ‘“ Werkstoff und Schweissung ’’ in course of prepara- 
tion, made a useful contribution to the theory and practice 
of annealing in protective atmospheres and of gas- 
carburizing steel. About one-third of the present work is 
devoted to explanations of the physical-chemical funda- 
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mentals of the gas-metal reactions, and the determination 
of suitable atmospheres. This is followed by descriptions 
of methods of producing atmospheres, in particular, hydro 
gen, nitrogen, hydrogen-nitrogen mixtures, and partially 
burnt fuel gases. In the concluding pages five furnace 
installations for different types of charge are briefly 
described. A useful table gives the recommended atmo 
sphere and furnace for treating a number of allovs and 
non-ferrous metals.—R. A. R. ; 

3RITISH STANDARDS INstITUTION, B.S. HANDBOOK No. 1W. 
“* British Standards for Steel and Steel Products.” 1949 
Edition. 8vo, pp. 674. Illustrated. London: The 
Institution. (Price 25s.) 

This volume contains a series of excellent articles 
describing the chief classes of steel, their manufacture, 
properties and applications, and summaries of the essential 
technical requirements of British standards for steel (En 
Series) and steel products, such as bars, sheets, castings, 
structural steel, steel for ships, tubes, wire, and materials 
for aircraft, railways, and collieries. A list is given of 
British standards on welding, including requirements on 
welding, and other information of general interest, namely, 
methods of test, heat-treatment, definitions, and conversion 
factors.—R. E. 


— 


HarrsHorn, L. * Radio Frequency Heating.’ 8vo, pp. 
237. Illustrated. London, 1949: George Allen and 
Unwin, Ltd. (Price 21s.) 

This book originated in a number of lectures and papers 
presented by the author to various technical societies. It 
deals with both induction and dielectric heating in a 
practical way, with special reference to industrial applica- 
tions. Chapter I is introductory and discusses briefly the 
nature and characteristic features of radio-frequency 
heating. Generators are considered in Chapter II with 
special reference to valve-oscillators which are the most 
generally useful of all radio-frequency generators. The 
next four chapters are devoted to a discussion of the 
principles and applications of induction and dielectric 
heating. In the final chapter are presented some notes on 
the history and costs of radio-frequency heating. The book 
contains over a hundred line drawings and photographs. 

R. E. 

‘Metals and Alloys.” Fifth Edition. 8vo, pp. 214. 
London, 1949: The Louis Cassier Co. (Price 15s.) 

The alloys listed in this book are those usually regarded 
as non-ferrous and are limited to those containing not more 
than 50% of iron. The compositions of over 4600 alloys 
are tabulated. To a considerable extent, those listed have 
definite ‘names’ and the book includes those proprietary 
alloys of which the names have been published and many 
other alloys which, although not proprietary, or no longer 
so, usually have a recognized composition.—R, E. 

RAntscH, K. “ Die Optik in der Feinmesstechnik.” 8vo, 
pp. 317. Illustrated. Munich, 1949: Carl Hanser Verlag. 
(Price 30 DM.) 

This is the second of seven monographs each devoted to 
a particular branch of measuring and testing techniques, 
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the intention being to bring together in book form material 
that has hitherto only been published in technical journals 
or in the proceedings of learned societies. 

It concerns the use of optical methods for fine measure- 
ment .and is divided into two sections, the first of which 
deals with the theoretical basis of the subject, whilst the 
second is devoted to a detailed description of specific 
instruments and measuring techniques. 

Section A is divided into five chapters. Chapter 1 is 
very short and deals with the nature of light. Chapter 2 
deals with reflection and refraction. Chapter 3 is con- 
cerned with the properties of mirrors and Jenses and with 
the formacion of images. Chapter 4 deals briefly with the 
wave theory of light, interference, defraction, loss of light 
by reflection and absorption, and with colour. Chapter 5 
describes the underlying principles of some of the simpler 





NEW PUBLICATIONS 


optical systems, namely, photographic lenses, telescopes, 
projection lenses, microscopes, reading telescopes and 
illuminating systems. It also deals briefly with the optical 
properties of the eye. 

Section B is divided into two chapters. The first one 
is devoted to a detailed consideration of a large number of 
optical instruments ranging frim pocket lenses, watch- 
makers’ eye glasses, linen provers, etc., to measuring 
machines, microscopes, and telescopes. The second chapter 
deals with the use of optical flats and with the measurement 
of surface topography by means of the so-called * optical 
cut ’ method and by interference methods. 

This book does not break any new ground: it will, 
however, be of much greater value to German than to 
British technicians as the former have lost so many of their 
textbooks.—J. FERDINAND KAYSER. 


NEW PUBLICATIONS 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL 
ENGINEERS. ** Bergwerk- und  Probierbitchlein.” A 
translation from the German of the ‘ Bergbiichlein,” 
a sixteenth-century book on mining geology, by Anneliese 
G. Sisco, and of the “ Probierbiichlein,” a sixteenth- 
century work on assaying, by Anneliese G. Sisco and 
C. S. Smith, with technical annotations and _ historical 
notes. 8vo, pp. 196. Illustrated. New York, 1948: 
The Institute. (Price $5.00 ) 

AMERICAN IRON AND STEEL INSTITUTE. 
the Metallurgy of Steel, No. 11. 
Alloy Steels.’’ (Revised May, 1949.) 
New York: The Institute. 

AMERICAN IRON AND STEEL INSTITUTE. 
the Metallurgy of Steel, No. 24. 
Refractory Terms.” 8vo, pp. 22. 
The Institute. 


Contributions to 
** Hardenability of 
8vo, pp. 176. 


Contributions to 
* Definitions of 
New York, 1949: 





AMERICAN TRON AND STEEL INstITUTE. Contributions to 
the Metallurgy of Steel. No. 25. ‘* Report on Basic 
Open Hearth Bottoms.” 4to, pp. 44. New York, 
1949: The Institute. 

AMERICAN [TRON AND STEEL INstIruTe. Contributions to 
the Metallurgy of Steel, No. 26. ‘‘ Comparison of 


Various Types of Charge Ore and Sinter on Production 
and Fuel Rate in Open Hearth Furnaces.” La. 8vo, 
pp. 48. New York, 1949: The Institute. 

AMERICAN IRON AND STEEL InstITuTE. Contributions to 
the Metallurgy of Steel No. 27. “ Use of Oxygen or 
Compressed Air for Open-Hearth Combustion and 
Decarbonization.” La. 4to, pp. 49. New York, 1949: 
The Institute. 

AMERICAN IRON AND STEEL 
the Metallurgy of Steel, No. 28. 
ance Survey of Open- Hearth Alloy Steels.” 
New York, 1949: The Institute. 

AMERICAN IRON AND STEEL INSTITUTE. Contributions to 
the Metallurgy of Steel, No. 29. ‘ The Chemistry of 
Metallurgical Slags.” S8vo, pp. 18. New York, 1949: 
The Institute. 

AMERICAN IRON AND STEEL 
the Metallurgy of Steel, No. 30. 
Oxygen between Molten Iron and Iron Oxide.” 
pp. 20. New York, 1949: The Institute. 

AMERICAN IRON AND STEEL InstiturTe. Contributions to 
the Metallurgy of Steel, No. 31. ‘* A Study of Paints 


InstTITuTE. Contributions to 
* Chemistry Perform- 
4to, pp. 75. 


InstirutTe. Contributions to 
“The Distribution of 
Svo, 


for Enclosed Structural Members in Steel Housing 
Construction.” S8vo, pp. 46. New York, 1949: The 
Institute. 

AMERICAN IRON AND STEEL INstTITUTE. Contributions to 


** Palm Oil Substitutes 


the Metallurgy of Steel, No. 32. 
New York, 1949: 


for Hot Dip Tinning.”  8vo, pp. 20. 
The Institute. 

AMERICAN IRON AND STEEL INstiIruTE. Contributions.to 
the Metallurgy of Steel, No. 33. * The Influence of 
Core Wire on the Characteristics of Low Carbon Steel 
Welding Electrodes.” 8vo, pp. 62. New York, 1949: 
The Institute. 

AMERICAN SocrkTy FoR TESTING MATERIALS. “* 4.S.7.M. 
Specifications for Rolled Structural Steel.” 8vo, pp. 34. 
Philadelphia, 1949: The Society. (Price $1.00) 

Brick, R. M. and A. Puriures. Structure and Properties of 
Alloys.” 2nd Edition, pp. 504. New York: MeGraw- 
Hill Book Co., Inc. (Price $6.00) 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


BritTIsH IRON AND STEEL RESEARCH AssocIATION, “ A 
Summary of the Proceedings of the Conference on Foundry 


Core-Bonding Agents.” Held at Ashorne Hill, Lea- 
mington Spa, Oct. 21 and 22, 1948. 4to, pp. 5s. 
London: The Association. (Price 10s.) 

BritisH TRON AND STEEL RESEARCH ASSOCIATION. “ A 


Summary of the Proceedings at the Conference on the Non- 
Destructive Testing of Steel Castings.” 4to, pp. 69. 
Illustrated. London: The Association. (Price 10s.) 

Dana, E. S. “ Minerals and How to Study Them. sth 
Edition, pp. 323. New York, 1949: John Wiley and 
Sons, Ine. (Price $3.90) 


Doane, F. B. and C. E. Betz. * Principles of Magnaflux.” 


Third Edition. Pp. 388. Chicago: Magnafinux Cor- 
poration. (Price $5.00) 

Fisher, D. A. “ Steel Making in America.” 4to, pp. 101. 
Illustrated. New York, 1949: United States Steel 


Corporation. 
HEPPENSTALL Company. “ Effects of Alloying Elements 
and the Tensile and Hardness Properties of Carbon and 


Alloy Steel.” 4to, pp. 143. Pittsburgh, 1948: The 
Company. (Price $3.00) 
Hinpert, H. “ Stanzerei-technik.”” 8vo, Bd. 1. 4 Aufl., 


Bd. 2. 3 Aufl., pp. 313. Munich, 1949: Carl 
(Price, 2 vols., 24 DM.) 
TsENBURGER, H. R. “ Bibliography on 
Analysis.” fol. pp. 17. New York, 
X-Ray Laboratory. (Price $3) 
Jounson, P. O. ‘“ Statistical Methods in 


pp. 312. 
Hanser Verlag. 
Stress 


John 


X-ray 
1949: St. 


Research.” Pp. 


393. New York: Prentice-Hall Inc. (Price $5.00) 
Joint COMMITTEE ON MATERIALS AND THEIR TESTING. 


“© Pre-Stressed Concrete.” Proceedings of the Conference 
arranged by the Joint Committee on * Materials and 
Their Testing’ of Technical Institutions and Societies 
in Great Britain. 8vo, pp. 132. London, 1949: 
Institution of Civil Engineers. (Price 7s. 6d.) 

Kortinc, J. “ Baw und Betrieb von brennstoffbeheizten 
Industrieéfen.” 8vo, pp. viii + 144. Karlsruhe, 1949: 
G. Braun. (Price 8 DM.) 

Lane, Rutu. “ Laboratory and Workshop Notes.” A 
selection reprinted from the Journal of Scientific Instru- 
ments. Compiled and Edited by Ruth Lang for the 
Institute of Physics. Svo, pp. xii + 272. Illustrated. 
London, 1949: Edward Arnold and Co. (Price 21s.) 

Lorutan, G. F. ‘‘ Absorption Spectrophotometry.” Pp. 


196. Illustrated. London, 1949: Hilger and Watts, Ltd. 

MAcHATSCHKEI’, F. ‘ Vorrdéte und Verteilung der mineral- 
ischen Rohstoffe.’ Ein Buch zur Unterrichtung fiir 
jedermann. Pp. 191. Vienna, 1948: Springer Verlag. 

Manuale per Vimpiego e il trattamento dell’ Acciaio. 8vo, 
pp. xx + 424. Illustrated. Turin, 1948: Ed. “ Naz. 
Cogne.”’ (Price 1500 lira) 

NAVARRO, Arcacer J. ‘“ Tierras de Moldeo.” Second 
Edition. Pp. 114. Illustrated. Madrid, 1949: Editorial 


Teenos S.A. 

Ricssy, H. P. 
Isaac Pitman and Sons, Ltd. 

Roso pe Luna, I. “ El Equilibrio 
Metalogenia, Litogenia y Metalurgia.” 
Escuela Especial de Ingenieros de Minas. 

SocleTY OF AUTOMOTIVE ENGINEERS. 
Handbook.” Pp. 933. New York: 
(Price $10.00) 


(Price 150 pesetas) 
** Welding Fundamentals.” 
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THOMAS MONTGOMERY SERVICE, C.B.E. 


HOMAS MONTGOMERY SERVICE, Director and former Armour Manager of 
William Beardmore and Company, Limited, was born at Skipness, in Argyllshire, 
on 9th September, !872. He was educated in Glasgow, and gained his knowledge 

of chemistry at the old Glasgow Technical College. He then served his apprenticeship 
as a druggist, and spent one year as a student chemist with Messrs. Tatlock and 
Readman, the City Analysts. 

In 1889, as a junior chemist, he joined the company with which he is still associated, 
and it was during this period that he gained the first prize, with silver medal, in the 
examination in iron and steel of the City and Guilds of London Institute. The work of 
the company was, at that time, confined to the production of ship and boiler plate, 
and mild steel forgings. In 1896, however, an armour department was formed, and 
Mr. Service was transferred there as assistant to the late Mr. George Ritchie. He 
can thus be said to have grown up with the subject of protective armour as manu- 
factured in Britain. 

In the early days which followed the era of wrought iron armour, only mild steel 
or nickel steel was used as homogeneous plates, and later as cemented, hardened, 
plates. When the Krupp process was introduced, William Beardmore and Company, 
Limited, were not permitted to operate under the Krupp licence. The difficulty was 
overcome, however, by the work carried out in the armour department, and armour 
plate was successfully produced with characteristics as good as those obtained by 
the Krupp process. Since that date, the development of all types of armour has 
remained a major interest of Mr. Service. 

In 1919, Mr. Service, together with Mr. (now Sir) Andrew McCance, founded 
the Clyde Alloy Stee! Company, Limited, although still acting as metallurgical adviser 
to William Beardmore and Company, Limited, to whom he returned in his former 
capacity, in 1921. He became a director of the company in 1937, and later a director of 
Beardmore Diesels. 

Mr. Service's sixty years’ connection with the steel industry has been almost 
entirely devoted to furthering its interest and technical development. During the 
past two years, Mr. Service has been President of the West of Scotland Iron and Steel 
Institute. He was elected a member of The Iron and Steel Institute in 1906, and took 
a very active part in the formation and support of the Heterogeneity of Steel Ingots 
Committee and the Alloy Steels Committee, which were the first of the Institute's 
Joint Research Committees to be formed. During this period, between the two war 
he was active on many other technical committees. He followed the late Dr. Hatfield 
as Chairman of the Tank and Aircraft Advisory Committee. The honour of Commander 
of the Order of the British Empire was conferred on him by the King in March, 1948, 
for his work in helping to meet the defence requirements of the country during two 


world wars. 











T. M. Service, C.B.E. 
Honorary Member of Council, 1947-49 
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Some Anomalies in the Weldability of High- 
Tensile Steels 


By A. J. Elliott, B.Sc. (Eng.), A.C.G.1., A.M.Inst.C.E., and 
W. I. Pumphrey, Ph.D., M.Sc. 


SYNOPSIS 


The examination of plates rolled from 16 different casts of 13°,, Cr-Mo steels, of similar chemical 
composition but different furnace origin, suggests that the steelmaking process may have a considerable 
influence on weldability, and that differences in the welding properties of two steels of the same nominal 


composition may be ascribed to differences in manufacture. 


In particular, the results indicate that the 


weldability of the basic electric steels used in these investigations is superior to that of the basic open-hearth 


steels. 


ELDABILITY has been defined in a number of 
Wray but in the present paper the term is applied 

to the capacity of a steel to resist any form of 
cracking during, or shortly after, welding under any 
given set of conditions. The correlation of weld- 
ability with the carbon and alloy content in low-alloy, 
high-tensile-strength steels has been established in a 
reasonably satisfactory manner. For steels of 
relatively low hardenability there is also a reasonable 
correlation between weldability and hardenability, if 
the latter term is taken to cover both actual hardness 
and depth of hardening. With the necessary condi- 
tions of stress set up by the contraction strains, and 
with the probable aggravation of ‘embrittlement ’ 
caused by the hydrogen introduced from the electrode 
coating, this correlation has been logically explained 
on the basis of the increased brittleness and lack of 
ductility resulting from an increase in the martensite 
content of the heat-affected zone of the welded 
plate. 

Some years ago it was realized that such an 
explanation could not be extended to the deeper 
hardening steels, the heat-affected zones of which 
became fully hardened, with the exclusion of high- 
temperature transformation products of low hardness, 
under welding conditions. Although there was some 
degree of correlation of weldability with harden- 
ability in these steels, it was found generally that, in 
each type of steel, e.g., 34% Ni-Cr—Mo, 14% Cr—Mo, 
1% Mn-—Ni-Cr—Mo, the carbon content was directly 
related to the weldability, even though the relative 
weldability of the several groups was not necessarily 
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in agreement with expectations based on harden- 
ability concepts. 
COURSE OF THE INVESTIGATION 

It had previously been considered, in the light of 
production and laboratory experience, that the 
14% Cr-Mo steels, for a given carbon content, were 
more readily weldable than the 34% Ni—Cr—Mo steels. 
In attempting to ‘ standardize ’ some 14° Cr—Mo steel 
plates against a plate of 34° Ni-Cr—Mo steel of known 
weldability, it was found that one plate of the same 
carbon content (0-30%), was more difficult to weld 
than the 34% Ni-Cr—Mo steel, whereas another plate, 
with a higher carbon content (0-34%) was, if any- 
thing, slightly more weldable than the 34°, Ni-Cr—Mo 
steel. 

Minor differences in hardness and composition did 
not seem adequate to explain this anomaly in the 
14% Cr—Mo steels, but it was observed that the steel 
of poor weldability had been made in a basic open- 
hearth furnace, whereas that of better weldability 
came from a basic electric furnace, as did the 3$% 
Ni-Cr—Mo steel. 

To obtain more detailed information of their 
welding characteristics, a series of 14°/ Cr—Mo steels, 
with carbon contents varying between 0-25°% and 
0-35°%, was obtained for testing, and the furnace 





Manuscript received 6th July, 1948. 

Mr. Elliott is Assistant Engineer, Messrs. R. T. James 
and Partners, London. 

Dr. Pumphrey is in the Department of Industrial 
Metallurgy, Birmingham University. 
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370 ELLIOTT AND PUMPHREY : WELDABILITY OF HIGH-TENSILE STEELS 
Table Ia 
DETAILS OF PLATE MANUFACTURE, COMPOSITION, AND HARDNESS 
Cast Analysis 
Maximum 
Steel Checked Original Hardness in 
Cod: Steel- Carbon Plate Heat- 
Le . maker Content, Hardness, Affected 
ater % C,% Si,% Mn,% 8,% P,% \Ni,% Cr,% Mo, % D.P.H. Zone of Test- 
Plate, D.P.H. 
Basic Open-Hearth 
L A 0.25 0:25 0-16 0-58 0-030 0-016 1-07 1-23 0-37 362 387 
Q A 0-27 0:27 0-13 0-53 0-025 0-032 0-84 1-20 0-34 321 450 
TPI A 0-29 0-29 0-22 0-60 0-025 0-036 0-79 1-61 0-39 353 511 
Oo D 0-30 0-29 0-33 0-84 0-038 0-025 0-85 1-54 0-34 349 554 
P A 0-30 0-30 0-22 0-62 0-027 0-013 0-87 1-48 0-37 oh 4:4 
Blue A 0-31 0-31 0-20 0-62 0-032* 0-018 0-87 1-56 0-35 385 560 
K A 0-32 0:27 0-17 0-63 0-023 0-035 0-88 1-40 0-37 358 519 
J A 0.34 0-32 0-23 0-64 0-022 0-017 0-90 1-50 0-41 393 579 
Acid Open-Hearth 
M Cc 0-30 0-29 a 0-81 — oi 0-60 1-44 0-33 365 519 
N D 0-31 0-30 0-24 0-075 0-045 0-043 0-80 1-54 0-37 314-375 498 
Basic Electric 
E B 0-29 0-27 0-33 0-58 0-018 0-015 0-59 1-53 0-41 357 503 
F B 0-30 0-27 0-33 0-58 0-018 0-015 0-59 1-53 0-41 360 459 
20 E 0-31 0-31 0-32 0-52 0-055 0-030 0-02 1-56 0-36 ie oc 
A B 0-32 0-29 0-31 0-68 0-014 0-015 0-95 1-50 0-40 357 525 
C B 0:32 0-29 0-27 0-63 0-016 0-018 0-49 1-50 0.41 407 548 
Redt E 0.34 0-34 0-34 0-64 0-018 0-028 0-53 1-60 0-31 336 554 


























* A subsequent check gave 0 -065%,. 
+ 0:15% of vanadium was reported in this steel. 


This element was low and was not reported in the cast analysis of the other steels. 











Table Ib 
Other Steels 
Checked Analysis calles ;Maximum 
Type Furnace ingot Plate. Hest * 
of Steel Origin toa Hardness, Affected 
c,% si,% Mn,% S,% P,% \Ni,% Cr,% Mo, % D.P.H. Zone of Test- 
Plate, D.P.H. 
34% Basic- 0-30 0-19 0-44 3-32 1-62 0-54 440 490 
Ni-Cr-—Mo| Electric 
13% Acid Open- 20 0-28 0-17 0-52 0-046 0-035 1-00 1-50 0-38 380 528 
Cr-—-Mo Hearth 
A.V.2 Basic 7 0-28 0-14 1-03 0-035 0-012 0-63 0-80 0-26 320 493 
Open- 
Hearth 





























origin of all plates made from the series was carefully 
noted. 

The main part of the investigation consisted of 
carrying out two series of direct weldability tests on 
the same steels, using, in each series, the same method 
of testing but different qualities of electrode. This 
work was later supplemented by hardness surveys 
and microscopic examination of sections cut from the 
weldability test-pieces. 


MATERIALS 


The chemical analysis, original hardness, furnace 
origin, and steelmaker (shown by code letter) of the 
steels with which the investigation was primarily 
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All the steels, 


> 


concerned, are listed in Table Ia. 
except those designated ‘ TPI,’ ‘ Blue,’ and ‘ Red 
which were specially ordered, were obtained from 
sample plates taken from production, in accordance 
with the detailed inspection routine of the Ministry 
of Supply. An accurate check was kept on the 
progress of the materials from casting to rolling down 
to plate, and the relevant particulars were entered on 
the inspection sheets retained by the inspector. The 
sample plates were identified in the records in the 
normal way by means of cast and ‘trial’ serial 
numbers. 

With the exception of the carbon content, the 
figures for chemical composition are the cast analyses 
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Corners ground smooth 


Alternative position of and round but rest of 
U-bolts for tests less face only filed to remove l-in. dia. U-shaped 
than 6 in. wide oxide Camping bolts 


— 6-in. wide test- 
plates 
l-in. dia 
issermbly bolts 
n 
st- 
H. 


Clamping — bars 
of 55-ton steel 





1 in. base plate in 70- 1 in. loose plate (70-ton Top corners radiused 
ton steel steel). Position of to facilitat insertion 
machined groove indi- through U-bolts 
cated by black arrow 
to facilitate setting up 


Fig. 1—Jig used in R.D. Rigid Butt-Joint Test, showing test-plates in position before welding 
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1€ (a) 


al Fig. 2—Test-plates used in R.D. Rigid Butt-Joint Test: (a) Plates before assembly in welding 
jig ; (b and c) Method of sectioning plates after welding 
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accepted by the inspector for each plate. The 
carbon contents, however, were checked by three 
laboratories, each making double determinations on 
separate pieces from the main test-plate, the mean 
value of the results being taken where they differed. 
In general the check figures varied little from each 
other, although there was a difference in certain cases 
of up to + 0-03% from the figure given in the cast 
analysis. 

It will be seen that the steels form a series of 
14% Cr—Mo steels with increasing carbon content 
from 0-25 to 0-34%, but with only minor variations 
in the remaining elements. The majority of the 
steels were basic open-hearth or basic electric, but 
two steels were made in acid open-hearth furnaces. 

Three additional steels, to which reference is made 
in the discussion, have been included in Table Ib. 


Types of Electrode 

At the commencement of the work it was con- 
sidered necessary to use special austenitic electrodes 
for arc-welding steels of the type examined, and, there- 
fore, one series of test-plates was welded with a stand- 
ard 18% Cr-8% Ni-molybdenum modified electrode 
with a coating of relatively low hydrogen content. 
This type of electrode will be referred to as electrode 
A. While the investigation was in progress there 
was a rapid development of special ferritic electrodes 
with coatings so low in potential hydrogen, and 
suitably balanced in other respects, that they were 
capable of welding alloy steels normally unweldable 
with ordinary ferritic electrodes. The most promising 
of these experimental electrodes, a mild-steel elec- 
trode designated F in this paper, was also used for 
welding tests with the series of steels considered. 


EXPERIMENTAL WORK 


The main feature of the investigation was the 
determination of the relative weldability of each of 
the steels listed in Table Ia by means of direct arc- 
welding tests with the ‘R.D.’ Rigid Butt-Joint 
Apparatus. This method of testing has already been 
reported,! but the following is a brief description of 
the test procedure. 

The R.D. Rigid Butt-Joint Test consists essentially 
of making a self-restrained, single-V butt weld between 
two plates of a standard size, the cooling weld being 
held against transverse contraction by the abutting 
faces of the two plates at each end of the prepared V, 
and held against rotation caused by the greater total 
contraction at the top of the weld, by means of a jig 
equipped with heavy clamping bars. The jig, with 
test-plates in position before welding, is shown in 
Fig. 1. In assembling the unit for carrying out a 
test, the test-plates (see Fig. 2a) are laid on a layer of 
paper approximately 0 -0065-0 -0070 in. thick, spread 
on top of the loose base plate, with the root of the V 
over a machined slot in the plate. The assembly 
bolts are tightened to ensure intimate contact of the 
surface-ground abutting faces, and then the clamping 
bars are tightened down as far as possible by means 
of the U-bolts. The assembly bolts are slackened 
off, the paper visible at the root of the V is scraped 
away, and the test-plate is ready for welding. 
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The welding test consists of depositing four runs of 
weld metal in alternate directions in the V. The 
first run is deposited from an 8-s.w.g. electrode, and 
the remaining three runs from the requisite number 
of 6-s.w.g. electrodes, an interval of 5 min. being 
allowed between each run. On completion of the 
last run, the jig and test-plates are protected from 
draughts and left for 90 hr. before sectioning the 
welded plates. Sectioning of the plates is carried out 
as indicated in Figs. 26 and c, care being taken to 
avoid overheating the plates during this operation. 
After cutting, the sections are polished and examined 
microscopically for the presence of cracks. 

The severity of the butt-joint test can be varied by 
variation in the width of the test-plates, and the 
following have been adopted as standard widths : 
6 in., 4} in., and 34 in., representing three clearly 
defined grades of severity. A combination of 
electrode and plate which produces a crack-free test- 
piece at the 6-in. width is classified as giving class I 
weldability. If, under the same conditions, the steel 
is not capable of giving a 6-in. test-sample free from 
cracks, but passes the test at the 4}-in. width, it is 
classified as having class II weldability. Failure at 
4} in. but success at 3} in. is classified as class III, 
and failure at all widths of test-plate as class [V 
weldability. 

Rigid-butt tests at various widths were carried out 
on all the steels used in the present investigation, 
starting at a width of 6 in. and decreasing the width 
until a successful test result or complete failure was 
obtained. Doubtful results were discounted and, 
as far as possible, all positive crack-free results were 
checked by at least one repeat test made under 
identical conditions. This procedure was followed 
using, firstly, the austenitic electrodes, and secondly, 
the ferritic electrodes. As anticipated, the ferritic 
electrodes gave, in general, a slightly lower rating of 
weldabjlity than the austenitic electrodes. The 
weldability classifications of the test-pieces are 
summarized in Table [I. This table, in conjunction 
with Fig. 5, also indicates the types of cracking 
encountered with the various steels. The results 
were checked against the form of the weld profiles 
and against variations in heat input on the first and 
last welding runs (the most critical), but no relation- 
ship was found to suggest that any of the test results 
given in Table II should be discounted on the grounds 
of such variations as did exist. 

As an addition to the main part of the investiga- 
tion, hardness surveys were carried out on most of 
the welded sections. Microscopic examination was 
also made of several welded and unwelded samples. 


EXPERIMENTAL RESULTS 


Table If and Fig. 6a show that there is a general 
decrease in weldability with increase in the carbon 
content. There are, however, several exceptions 
to this generalization which require explanation. 
Examination of the reported chemical analyses for 
elements other than carbon does not provide any 
consistent explanation of these exceptions, nor does 
a scrutiny of the maximum hardnesses obtained in the 
tests, although this certainly gives a slightly better 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
A*® 





372 ELLIOTT AND PUMPHREY : WELDABILITY OF HIGH-TENSILE STEELS 


Table II 
SUMMARY OF TEST RESULTS 






































Weldability Class Maximum General Type of Cracking 
Steel Code Steel- C. ° Hardness in 
Letter maker “— Heat- Affected 
Electrode A Electrode F Zone, D.P.H. Electrode A Electrode F 

L A 0.25 I I 387 None None 

Q A 0.27 I I 450 None None 
TPI A 0-29 ta II-lll 511 bsy A, D 

E B 0.29 ty I 503 st None 

M Cc 0-30 I II 519 Cc B, D 

F D 0-30 +e I 459 + None 

Oo A 0-30 I IV 554 None B, A 

P A 0-30 II II 503 Cc A 
Blue A 0-31 II-III IV 560 Cc, E A, D, F, G 
20 E 0-31 I — se Cc as 

N D 0-31: II IV 498 Cc B 

K A 0-32 II III-IV 519 Cc D, E 

Cc B 0-32 I III-IV 548 None B, D, F 
A B 0-32 a Il 525 eG A, D 

J A 0-34 II Ill 579 Cc B 
Red E 0-34 I Ill 554 None A 























VIMIMIDANAIMD, 


Fig. 5—Key to types of cracking listed in Table II 


correlation with the weldability than does carbon 
content alone. (See Fig. 7a.) 

If, however, the steels are listed separately, 
according to their furnace origin, a much more 
consistent relationship between carbon content, 
hardness, and weldability is apparent, as shown in 
Table III and Figs. 6b and 7b. In each group of 
steels from the same type of furnace there is reason- 
ably good correlation between the weldability and 
carbon content when the steels are welded with either 
austenitic or ferritic electrodes, but there appears to 
be a genera] difference in the level of weldability of 
the steels made in the different types of furnace, at 
comparative carbon contents. As is indicated by the 
dotted lines of demarcation in Figs. 6b and 7b, the 
apparent trend is for basic electric steels to have 
superior welding properties to basic open-hearth 
steels, with acid open-hearth steels probably inter- 
mediate, but with insufficient tests to provide data on 
this point. 

Further work would be desirable to confirm such 
conclusions, but it would seem that the deductions 
made on the basis of the results obtained in the present 
investigation are justified. The only anomaly 
observed in the tests made with the austenitic 
electrodes was in the case of two containing 0-30% 
of carbon, one of which showed class I and the other 
class II weldability. It is thought to be significant 
that although these two steels came from the same 
type of furnace, they were made by different steel- 
makers. 

It was believed initially that the superior welding 
properties of the basic electric steels, compared with 
the basic open-hearth steels, would prove to be 
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associated with differences in chemical composition, 
differences in the degree of freedom from non-metallic 
inclusions, or differences in the mode of occurrence 
of the free carbide particles. Inspection of the 
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Fig. 6—Variation of weldability class with carbon 
content: (a) Results not segregated; (b) Results 
segregated according to furnace origin 
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Table III 
SUMMARY OF TEST RESULTS (SEGREGATED ACCORDING TO FURNACE ORIGIN) 
—— | Weldability Class P 
ania Maximum Cneaak “ 
wind Code | Steele |, 0, Electrode A Electrode F Farry oe 
F Letter | maker Zone, D.P.H. 
— B.O.H. | A.O.H. B.E. B.O.H. | A.O.H. B.E. Electrode A | Electrode F 
L A 0-25 I ee A I a a 387 None None 
Q A 0-27 I wed age I Boe aoe 450 None None 
TPI A 0-29 II-III a wi 511 ea A, D 
E B 0-29 as ee I 503 ae None 
M Cc 0-30 I II BAe 519 Cc B, D 
F D 0-30 ae ete an? ae a I 459 aa None 
3 Oo A 0-30 I st me IV ia i 554 None B, A 
P A 0-30 II oes see II ok seh 503 C A 
Blue A 0-31 II-III rae abe IV saa - 560 Cc. E A Dees 
G 
20 E 0-31 ea I we Man ae a Cc ae 
N D 0-31 das II ne gan IV 5S 498 Cc B 
K A 0-32 II sax ‘65 III-IV bas pe 519 Cc D, E 
Cc B 0-32 I ae aau III-IV 548 None B, D, F 
il A B 0-32 ae we ae aad ~~ Iil 525 fae A, D 
J A 0.34 II ae ree III me Oe 579 Cc B 
Red E 0-34 I eax ee III 554 None A 












































analyses, however, indicated that there was no _ possible to carry out a detailed microscopic examina- 
regular difference in the chemical compositions of tion of all the steels, but the results of the 
the steels as regards such elements as sulphur, phos- examinations that were made appear to justify the 
phorus. and silicon. For practical reasons it was not conclusion that the weldability of the steels was not 
related to their cleanliness, as judged by the number 
600 and size of the inclusions present in the various 
mn, e e samples. 
lic ee 7 6 e? Little difference was observed in the size or the 
number of the free carbide particles present in the 
he eje e. > various steels, and it was not possible, on the basis of 
500 ‘ . * the examination made, to establish any correlation 
between the mode of occurrence of the free carbide 
particles and the weldability of the steels. 
During the course of the microscopic examinations 
400 an unidentified grain boundary constituent was 
observed in the heat-affected zone adjacent to the 
final run of weld metal in certain of the specimens. 
(0) This constituent appeared as a dark outlining to the 
600 > austenite grains formed during welding, when the 
x x specimens were etched electrolytically in a 20% 
. ° ct aqueous solution of chromic acid. Its occurrence 
if a a8 —— a . = rof a5 
was consistent in different welded samples of the same 
50 ti Sng » oj” steel, and, as is indicated by the results recorded in 
” 6 ” s Table IV, appeared to be related in some measure to 
A the weldability of the steel. Thus, in the steels 
having class I weldability there was a tendency for 
/ the boundary constituent to be well defined and to 
a) 400 f occur over an appreciable area of the heat-affected 
x K zone. This tendency was less marked in steels 
having class II weldability, and was almost non- 
existent in steels having class III and class IV 
weldability. (See Fig. 3a, b, c.) 


Electrode A Electrode F 
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b 
) WORK BY OTHER INVESTIGATORS 


Basic 
ies reg gs Bhs Os aa “se While the present work was in progress, Hoyt, Sims, 
; : and Banta were investigating anomalies in the weld- 
Oi ee aes thie eae 0 seer ability of steel to SAE 4130 Specification (0-30% C, 
, 1% Cr-Mo) in the annealed condition.2 The chemical 


d not segregated; (6) Results segregated according 3 eee 
to furnace origin composition of the steel was similar to that of the 
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Table IV. 


OCCURRENCE OF BOUNDARY CONSTITUENT 























Weldability Class 
onde Latter Steelmaker Cc, % on ad 
Constituent® Electrode A Electrode F 
Basic Open-Hearth Steels 
L A 0-25 PP I I 
Q A 0-27 P I I 
TPI A 0-29 P-O we II-III 
Oo D 0-30 P I IV 
P A 0-30 ND II II 
Blue A 0-31 oO II-III IV 
K A 0-32 oO II III-IV 
J A 0-34 Oo II Ill 
Acid Open-Hearth Steels 
M Cc 0-30 P I II 
N D 0-31 Oo II IV 
Basic Electric Steels 
E B 0-29 P oes I 
F B 0-30 PP = I 
20 E 0-31 ND I fae 
A B 0-32 oO abe III 
Cc B 0-32 Oo I Ill-IV 
Red E 0-34 Pp I Ill 

















* Key to types of boundary constituent 
ND Not determined or not examined 


PP Well-defined boundary precipitate extending deep into the heat-affected zone 
P_ Less well defined precipitate extending less deeply into the parent metal 


O Little or no precipitate observed 


steel under examination in this country, although 
the chromium content was a little lower. One of the 
more important conclusions of the work was that with 
steels of similar chemical analysis and Jominy 
hardenability the Ar, temperatures may be different, 
a decrease in the Ar, temperature causing an increased 
tendency to cracking on welding. Also, steels initially 
containing finely dispersed carbides were found to be 
more susceptible to cracking than those with coarser 
or spheroidized carbides, since the finer carbides are 
taken into solution more completely during the rapid 
welding cycle, and hence lead to a higher carbon 
martensite, which has an increased tendency to 
cracking. Some reference was also made by Hoyt, 
Sims, and Banta to the probable effect of the delayed 
transformation of austenite on the cracking tendency 
of welded steel plates. 

Work on similar lines by Graff* indicated a differ- 
ence in weldability between Thomas steel (basic 
Bessemer) and open-hearth steel. Furthermore, some 
evidence was obtained to show that certain steels are 
more suitable for welding in the tempered condition. 

Work carried out in this country has also indicated 
a difference in weldability between 14° Cr—Mo steels 
and 1% Mn-Ni-Cr-Mo steels (known as A.V.2 type) 
of similar carbon content and Jominy hardenability. 
The considerable difference in weldability between 
plates from commercial casts of these two types of 





* Private communication 
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steel was clearly established by several individual 
workers, the latter steel having the better weldability. 
A further important discovery relative to commercial 
casts of the two types of steel was that the Ar, tem- 
perature of the 14°%, Cr—Mo steel was approximately 
40°C. lower than that of the A.V.2 steel under condi- 
tions of oil-quenching from 850° C., a result not 
entirely to be expected from a consideration of the 
analyses. In addition, although normal tempering 
curves showed little difference between the character- 
istics of the two steels, the tempering effect, in a 
double bead test, of a run of weld metal on the heat- 
affected zone of a previous run (see Fig. 8) was 


First bead Second bead 
Zone of 
interest 


-_—o- 

















YHardened zone from first bead 
= Tempered zone from first bead 
Zone: rehardened by second bead 


N 
lll Zone tempered by second bead 





Fig. 8—Diagram of double bead test 


DECEMBER, 1949 








marl 
cond 
only 
Cr—\ 
drop 


origi 


Fo 
steel 
there 
set u 
Unde 
the i 
of m: 
into 
maje 
steel 
gene 
impo 
addit 
abili 
rang 

Th 
howe 
whic 
steel: 
joint 
heat. 
great 
Some 
stabl 
as fF 
evide 
tion 
temy 
of er 
caus 
to m 
beca 
sudd 
is les 
tione 
thea 
to in 
abov 
free 

It 
conte 
elem 
leads 
auste 
with 
ing ¢ 
Ar, t 
ing O 
relat 
steel 
or eh 

TI 
to I 
conj 
hydr 
Bose 
mec] 


DEC 











ELLIOTT AND PUMPHREY : WELDABILITY OF HIGH-TENSILE STEELS 375 


markedly different in the two cases. Under these 


conditions a drop in diamond pyramid hardness of 


only 40 points was the average recorded for the 14°% 
Cr—Mo steel, whereas the hardness of the A.V.2 steel 
dropped approximately 170 points from the same 
original hardness of approximately 500. 


DISCUSSION 


For cracking to take place in welded joints in 
steels of the type at present under consideration 
there must be conditions of overall and internal stress 
set up, as suggested by Hanson and his co-workers.’ 
Under such conditions the reduction of ductility and 
the increase of internal stress caused by the presence 
of martensite, together with the hydrogen introduced 
into the joint from the electrode coating,‘ 5 are 
major contributory causes of cracking. So far as the 
steel is concerned, experiment has shown that, in 
general, the carbon content is one of the most 
important factors influencing weldability, and in 
addition, it seems that the correlation between weld- 
ability and hardenability is applicable over a wide 
range of chemical composition. 

This correlation does not hold satisfactorily, 
however, for steels such as those under consideration, 
which are relatively deep hardening. With these 
steels, under the conditions of cooling in a welded 
joint, some austenite is generally retained in the 
heat-affected zone at room temperature, although the 
greater part of the zone has transformed to martensite. 
Some of this retained austenite will be relatively 
stable, but a proportion is likely to be unstable, and, 
as pointed out by Hopkin,® there is increasing 
evidence to suggest that the subsequent decomposi- 
tion of this unstable portion at, or near, room 
temperature is an important factor in the formation 
of cracks, partly because of the added internal stress 
caused by the transformation of the unstable austenite 
to martensite, at such low temperatures, and partly 
because of high local aerostatic stresses developed by 
sudden evolution of hydrogen, the solubility of which 
is less in martensite than in austenite. It may be men- 
tioned in passing that the solution of hydrogen (from 
the arc atmosphere) in the austenite will probably tend 
to increase the amount of unstable retained austenite 
above that which might be expected in a hydrogen- 
free steel. 

It has been shown that an increase in the carbon 
content of a steel, and in the amount of those alloying 
elements which tend to depress the Ar, temperature, 
leads to an attendant increase in the retention of 
austenite. Hence, it would be expected that steels 
with a high carbon content, or containing such alloy- 
ing elements as have a large effect in reducing the 
Ar, temperature, would be very susceptible to crack- 
ing on welding. This expectation is confirmed by the 
relatively good weldability of nickel-molybdenum 
steels, as compared with steels containing manganese 
or chromium. 

The effect of the delayed transformation of austenite 
to martensite at room temperature, possibly in 
conjunction with the ‘incubation period’ in the 
hydrogen released after cooling, described by Andrew, 
Bose, Lee and Quarrell,? explains the probable 
mechanism of delayed failures in welded joints, as, 
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for example, in R.D. Rigid Butt-Joint test-plates 
which have often been known to fail some two to 
three days after welding, and, in one extreme case, 
four days after welding. This effect has been noticed 
mainly with 34% Ni-Cr—Mo steels, and, as would 
be expected, such long delay has not been observed 
in steels of lower alloy content. 

This conception of the effect of retained austenite 
on the cracking of welded joints also explains why 
refrigeration tests (for some time included as accept- 
ance tests by the Fighting Vehicles Design Depart- 
ment) sometimes reveal new cracks in welded steels, 
since the reduction in the temperature of the steel 
from room temperature to 0° F. after welding will 
cause considerable further transformation of any 
austenite retained at room temperature. 

Further evidence relevant to this point is available 
from a comparison of the behaviour of the two 
particular steels, 13°, Cr-Mo and A.V.2, referred to 
previously. The 14% Cr—Mo steel has the lower 
Ar, temperature under conditions of rapid cooling, 
and hence should contain the greater quantity of 
retained austenite in the heat-affected zone.6 On 
this assumption the difference in the tempering effect 
of a run of weld metal on the heat-affected zone of a 
previous run in double bead tests of the two steels 
can be explained as follows. 

During the deposition of the second run of weld 
metal on both steels, the raising of the temperature 
of the heat-affected zone of the first run (see Fig. 8) 
causes the martensite present in this zone to change 
rapidly to secondary troostite, and the austenite to 
change more slowly to primary troostite. On 
cooling, the steel passes through the martensite 
range again, and more martensite forms from the 
untransformed retained austenite. The amount so 
formed increases with the extent to which the micro- 
stresses, resulting from the prior formation of 
martensite, are relieved during the heating, and also 
with the amount of retained austenite. Thus, in the 
steel containing initially the greater amount of 
retained austenite, although the martensite in the 
heat-affected zone of the first run is tempered by the 
heating effect of the second run, the average hardness 
is but slightly reduced after tempering, because of 
the decomposition of the retained austenite to 
martensite during cooling. On the other hand, with 
the steel containing the smaller quantity of retained 
austenite, the A.V.2 steel, the tempering effect on 
the heat-affected zone by subsequent welding is more 
pronounced. This effect has been fully discussed by 
Carpenter and Robertson.§ 

The present work has indicated that differences 
may occur in the weldability of 14°, Cr—Mo steels of 
similar chemical analysis but which have been melted 
in different furnaces, and reference has been made 
to the differences in the weldability of 14°, Cr—-Mo 
and A.V.2 steels, which may well be a related 
problem. Metallurgical and chemical examinations, 
however, have failed to reveal any consistent varia- 
tions which might account for the anomalous 
behaviour of the steels. In view of the American 
work referred to previously,? it was felt that the 
anomalous weldability might be associated with 
minor differences in carbide size and distribution in 
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Fig. 9—Variation of maximum hardness in _ heat- 
affected zone of weld with carbon content: (a) 
Results not segregated; (b) results segregated 
according to furnace origin 


the steels, related in some way to the furnace origin. 
Pumphrey and Jones® have shown that repetition of 
quenching and annealing operations can have a 
considerable effect on the form of the carbides present 
in hyper-eutectoid steels. This effect may also 
obtain with hypo-eutectoid steels, and if such is the 
case it may be possible to account for the difference 
in the weldability of steels of the same nominal ccm- 
position, but of different furnace origin, in the 
following way. 

Basic open-hearth steels in general are produced in 
much larger ingot sizes than basic electric steels, and 
hence undergo considerably more working and 
reheating for the production of the same final thick- 
ness of plate. The size of the free carbide particles 
may, therefore, be smaller in the open-hearth-steel 
plate than in the electric-steel plate. This would lead 
to a higher carbon austenite at the maximum 
temperature of the brief welding cycle, and hence a 
lower Ar, temperature. Consequently there would 
be a larger amount of retained austenite in the open- 
hearth steel than in the electric steel, and therefore 
a lower weldability. The general trend for higher 
hardnesses in the open-hearth steels, which might 
be expected on the basis of this argument, is shown 
in Fig. 9b. 

Such metallurgical examinations as have been 
made have not yet revealed any differences in the 
carbide structures of steels made in different types 
of furnace to support the foregoing hypothesis, and 
further work is necessary to determine its validity. 

A point which may be of considerable significance 
in connection with the problem, was the observation 
of the boundary constituent outlining the austenite 
grains in certain of the welded steel plates. Although 
this constituent was not identified during the course 
of the present work, its apparent measure of correla- 
tion with weldability may warrant further investiga- 
tion. 

The foregoing discussion is based on the assumption 
that failure in the welded joint under self-imposed 
stress takes place within the heat-affected zone of the 
parent metal. This is the case where ferritic elec- 
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trodes are used and, in general, when 25% Cr-20%, 
Ni type electrodes are used. In the case of 18% 
Cr-8%, Ni type electrodes, such as electrode A, 
failure generally, although not invariably, occurs 
just within the weld metal and close to the weld 
junction. (See Fig. 4.) 

The present investigation, and others, have shown 
that the tendency to ‘ cold ’ cracking in welded joints 
in steels is influenced by the same factors, whether 
the cracking occurs in the junction zone or in the 
parent metal. 

Hopkin has explained the superior resistance to 
cracking of a joint welded with austenite electrodes 
on the basis of hydrogen solubility.5 Hanson and his 
co-workers have shown that a form of ‘core- 
martensite ’ exists within the weld metal deposited 
from 18% Cr-8% Ni type electrodes close to the 
junction of such weld metal with a medium or low- 
alloy steel. This high-alloy-content martensite 
forms at a lower temperature than the heat-affected- 
zone martensite during cooling after welding, with a 
consequent development of high local stresses. 
Because of the ductility of the surrounding austenite, 
and because this austenite can act as a reservoir for 
a proportion of the hydrogen expelled during the 
formation of the core martensite, cracking is unlikely 
to occur in this martensitic band, except under 
conditions more unfavourable than those sufficient 
to cause cracking in the case of a ferritic weld. 
Under these conditions, however, any crack likely to 
occur will occur in this region. Because of the large 
proportion of parent metal with which the weld 
metal is diluted in this junction zone, the composition 
and structure of the plate are likely to have an effect 
on the properties of the core martensite similar to 
their effect on the heat-affected zone of the parent 
plate. Thus, although the resistance to cracking of a 
weld made with 18° Cr-8% Ni electrodes is higher 
than that of a weld made in the same material with 
ferritic electrodes, the ultimate causes influencing 


failure are similar, even though the exact location of 


the failure is different in the two cases. 

In the case of higher-alloy-content electrodes, such 
as the 25%, Cr-20°, Ni type, the dilution of the weld 
metal in the junction zone is insufficient to cause the 
formation of core martensite, and hence failure of the 
joint is even less likely to occur than in the case of 
welds made with 18% Cr-8% Ni type electrodes. 
Such cracking as does take place, is, therefore, 
restricted to the heat-affected zone, and its occurrence 
is influenced by the factors already discussed. 


CONCLUSIONS 

On the basis of some 60 weldability tests on plates 
rolled from 16 different casts of 149% Cr—Mo steels, 
there is evidence to show a general trend of difference 
in weldability between steels of similar chemical 
composition made in different furnaces ; in particular, 
the basic electric steels tested appear to be superior 
to the basic open-hearth steels. 

Most of the anomalous results which appear as a 
result of considering the weldability of similar steels 
of varying carbon content can be removed by 
segregating the results and considering the steels in 
separate series, depending upon their furnace origin. 
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Consideration of contemporary work leads to the 
conclusion that differences in the weldability of steels 
of similar chemical composition may be related to 
differences in the tendencies of the steels to retain 
unstable austenite for a short time at, or near, room 
temperature, the cracking being related to the 
subsequent decomposition of this austenite, and 
increasing in severity with increasing amounts of 
retained austenite. This conclusion has been dis- 
cussed in relation to the results of the present work, 
and also in connection with the related problem of 
the apparent difference in the weldability of 14%, 
Cr—Mo and A.V.2 steels. 

An unidentified grain boundary constituent has 
been observed in the heat-affected zone adjacent to 
the final run of weld metal in certain of the steels 
examined. The presence of this constituent appears 
roughly to be directly related to the weldability of the 
steels, and it is felt that further work is desirable to 
identify the constituent and to determine the cause 
of its occurrence. 
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ANNUAL GENERAL MEETING, 1949 


Discussion on— 


FIRST REPORT OF THE GASES AND NON-METALLICS SUB-COMMITTEE* 
by W. W. Stevenson, G. E. Speight, R. M. Cook, and T. E. Rooney 


Mr. W. W. Stevenson (Messrs. Dorman, Long and 
Co., Ltd., Chairman of the Sub-Committee), Mr. G. E. 
Speight (The United Steel Companies, Ltd.), and Mr. 
T. E. Rooney (National Physical Laboratory), presented 
the Report. 

Mr. A. J. K. Honeyman (The Steel Company of Wales, 
Ltd.): In regard to the subject matter of the papers, 
there is one point on which I venture to comment, and 
that is in the conclusions to Part ITI, page 405, where it 
is stated that “‘ the chilled-pencil test also has possi- 
bilities.”” I have examined the figures closely, and 
have failed to see how that conclusion can be arrived at, 
If, as is stated, the sealed-mould method is satisfactory. 
then it follows from the very figures given that the 
chilled-peneil method is entirely useless. Indeed, I 
doubt whether that method could give any reliable 
indication of the hydrogen likely to be contained in a 
solid ingot. I am glad that the sealed-mould method 
has come into its own, because when I was at Colvilles 
we were the first to introduce this method to the 
Sub-Committee, and, as stated in the report, Mr. 
Mackenzie has published a paper for the Committee on 
that method. 

Turning now to the papers in relation to the functions 
of the Sub-Committee, the last part of Mr. Stevenson’s 
introduction is somewhat surprising. One would have 
expected some statement from the Sub-Committee 
summarizing the progress made and indicating the next 
step. In fact, the Sub-Committee have been remarkably 
reticent, and, instead of providing targets for the critics 
to shoot at, they have asked the critics to supply the 
targets. 

Firstly, in what way does the determination of oxygen 
in liquid steel further the objects of the Sub-Committee ? 
The papers by Mackenzie and Sarjant, published under 
the auspices of the Sub-Committee, have shown clearly 
that the oxygen in the bath is a function largely of the 
carbon content and the rate of carbon drop, so that there 
is very little that can be done about it. The oxygen 





* Journal of The Iron and Steel Institute, 1948, vol. 
160, December, pp. 388-415. 
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in the finished steel—and it is with that, of course, that 
the Sub-Committee are concerned—depends upon the 
deoxidation practice, reaction between refractories and 
metal in the ladle, oxidation of the pouring stream, and 
gas—metal reactions in the ingot mould, but the final 
quality of the steel probably depends more on the size 
and distribution of the inclusions than on the total 
oxygen content. 

For example, in Part VI it is shown that there are 
more oxide inclusions in the middle and bottom samples 
of the ingot examined, but from reports of the micro- 
examination it appears that the top portion was dirtier. 
It is unfortunate that the reports of the micro-examina- 
tion are not very clear on this point. 

The degree of oxidation in the ladle is of course 
determined by the finished product required. The 
particular method adopted, however, may have some 
influence on the coalescence and removal of the inclu- 
sions, and this is a useful field of investigation. Another 
field of investigation might be the pick-up of oxygen in 
the metal stream. It has been shown that there is a 
very large increase in oxygen between the ladle and 
the mould.t 

In Part IV, page 409, it is stated that the original 
objective in this particular research was limited mainly 
to the determination of oxide inclusions. It was for this 
purpose that the steel was supplied, and I suggest that 
the further work done was largely a waste of time. 
The nature, quantity, and distribution of inclusions 
should be examined in relation to the different stages of 
manufacture. Perhaps the most difficult and one of 
the most important problems to be tackled by the Sub- 
Committee is that of inclusion counts, and I invite their 
comments on this. 

Turning again to Part III, dealing with hydrogen, 
the Sub-Committee appear to be very concerned with 
rapid methods, but they make no comment on what use 
they might make of these rapid methods. Have they 
any information on the conditions which give rise to 
variation in hydrogen content, and any views on the 





+ Metal Progress, 1949, vol. 55, No. 3, March, p. 335. 
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means by which the hydrogen in liquid steel can be 
controlled ? I believe that Sir Andrew McCance, among 
others, has shown that the hydrogen content is greater 
with a slow boil than with a rapid boil, and I am sur- 
prised that no reference is made to this in the Report. 

In Table IV, 74705 and V5818 are two most interesting 
casts. They are more or less of the same composition, 
and yet one has at least 50% more hydrogen than the 
other. The one with the larger hydrogen content 
evolves, at room temperature in the sealed mould, 
eight times as much hydrogen as the other. Is there 
any significance in this, or is it merely an effect of 
sampling, or is it related to the temperature of the metal 
at the time when the sample was taken ? It would also 
be of interest to know whether these differences were 
reflected in the behaviour of the steel. For example, 
was the one with the larger hydrogen content more 
subject to ingot cracking and hair-line cracks ? 

The melting-down analyses of casts K1555 and 
K1593 are similar, but the latter has twice the hydrogen 
of the former. If both steels had been similarly 
processed after melting, would these differences have 
remained ? 

These examples lead me to suggest that the next step 
should be the examination of a sufficiently large number 
of casts of the same composition to enable a statistical 
examination to be made; firstly, of the cause of the 
variability in hydrogen content, and secondly, of its 
effect on the quality of the ingot and of the finished 
steel. 

Dr. H. A. Dickie (Messrs. Stewarts and Lloyds, Ltd). : 
I should like to say a few words about Part VI, by 
Mr. Rooney, which concerns an examination of the 
distribution of non-metallic inclusions in billets of 
mild steel. It is shown here that, after cropping 20% 
from the top of the material, the remainder of the 
top material was freer from oxides, which were silicates 
in this case, than was the bottom. I think that it might 
be unfortunate if users or producers of steel were to 
conclude that the correct way to get clean steel is to 
select the top portions of ingots. Actually, silicates 
act in two broad ways in steel during solidification— 
most of them rise up and coalesce. They rise into the 
head of the ingot, and into the pipe cavity in cases 
where the steel is perhaps not as clean as it ought to 
be. I have seen, in decapitated ingots, accumulations 
of amber or greenish-coloured glass in the bottom 
portions of pipe cavities, which someone likened to 
beer bottles. These things, of course, occur in the 
portion of the steel which should be discarded. 

Apart from that, silicate inclusions separate out, 
particularly at the inner side of the columnar zone. 
Silicates are pushed into the interior during the growth 
of the columnar crystals, and when the steel is rolled 
out it has been known to part at that location, which 
contains silicate particles rolled out into the form of 
plates. It may be quite true, as the authors say, that 
the average silicate content at the top of the ingot 
after cropping is lower than it is at the foot, but it would 
be necessary to go much further in examining the distri- 
bution of the silicates to get a true picture. 

The conclusions are, of course in line with the classic 
findings of Dickenson,* in that some accumulation of 
silicates occurs towards the bottom of the ingot ; this 
is supposed to be caused by the pick-up of silicate 
particles by crystallites of relatively pure iron which 
fall down the centre portion of the ingot during solidifi- 
cation, but I am not sure that the true cause of the 
undoubted facts has been fully established. 





* J. H. S. Dickenson, Journal of The Iron and Steel 
Institute, 1926, No. I, vol. 133, pp. 177-196. 
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Silicates act in a very different way from sulphides. 
Sulphides tend to remain in small particles which have 
poor coalescing power; they accumulate in number 
rather than in size in the last part of the ingot to solidify, 
whereas silicates have a high coalescing power and are 
pushed about in a very different manner. This, to some 
extent, accounts for the differences between sulphides 
and silicates found in this examination. Taking the 
matter to its conclusion, silicates rise up and some of 
them fall, and if this went on to a sufficient degree the 
bottom would be dirty, the top would be dirty and the 
middle would be clean; but this is far from being the 
whole story, and I suggest that if a fuller picture of this 
rather important matter is desired a much more exten- 
sive examination should be carried out on more detailed 
lines. 

CORRESPONDENCE 


Dr. R. V. Riley wrote: Owing to the limitations of 
sampling, the present method of hot extraction of 
hydrogen from steel accounts only for the hydrogen 
present in the solid sample, which does not necessarily 
give a true indication of the hydrogen in the molten 
steel from which the sample was taken. The theoretical 
work of Sieverts, Zapf, and Moritzt suggests that a 
considerable proportion of the hydrogen originally 
present in liquid steel is evolved in the passage from the 
liquid to the solid states. The practical experience of 
steelmakers also suggests that a gas, probably largely 
hydrogen, may be liberated at the time of solidification. 
The authors have attempted to capture some of this 
hydrogen which is missed during the hot extraction of 
solid specimens at 750° C. 

The efficiency of a sampling device appears to have 
been judged mainly upon the quantity of hydrogen it 
traps from the molten steel, and, of the methods used 
by the authors, the sealed-mould method seems to be 
the best. I am not sure that the merit of a gas-sampling 
device lies in its ability to give the highest hydrogen 
figure, rather would I claim that it is more important 
that the true value should be obtained. The mould 
itself should not make a contribution to the total 
hydrogen found on analysis, and I am not sure, having 
used the sealed-mould technique, that some of the 
hydrogen claimed to have come from the steel during 
solidification is not an outcome of the method itself. 

The surest way to obtain a casting containing gas 
holes is to pour molten metal into a cold, uncoated metal 
mould. This is precisely what happens in the sealed- 
mould method. Hydrogen generated from the decompo- 
sition of moisture existing at the surface of the stainless- 
steel mould might get into the solidifying sample, or 
into the free space above the sample. The importance 
of keeping the mould temperature well in excess of the 
dew point should be made more clear by the authors. 
Unfortunately, if the mould temperature is maintained 
at a suitable value, the air in and around the mould is 
able to hold a relatively greater amount of moisture; 
which may interfere with the results. It is instructive 
to consider the amount of hydrogen which might be 
formed by the decomposition of the moisture in the air 
by molten steel poured into the mould. 

1 cu. m. of saturated air at, say, 30° C., contains 
30 g. of water. 

Therefore a crucible with a capacity of, say, 75 
ml., will contain : 

30 x 22,400 


75 X 


18 x 10° 2-8 ml. of water vapour. 





t+ A. Sieverts, G. Zapf, and H. Moritz, Zeitschrift fur 
physikalische Chemie, 1938, A, vol. 183, p. 19. 
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Assuming the reaction: Fe + H,O = FeO + Hp, 
then a maximum of 2-8 ml. of hydrogen may find 
its way into the gas space over the sample. 

Assuming a sample weight of 250 g., the equiva- 
lent hydrogen caused by moisture in the atmosphere 
is 1-1 ml./100 g. é 

Even if it is admitted that the value for hydrogen 
from this cause is probably a maximum which may not 
be attained in practice, it cannot be dismissed lightly 
without a mention in the paper, especially when the 
amount of hydrogen found in the free-space gases is 
only of the same order in some cases. 


AUTHORS’ REPLY 


Mr. Stevenson, Mr. Speight, Mr. Cook. and Mr. 
Rooney wrote in reply: Regarding Mr. Honeyman’s 
criticism of the mode of presentation of the report, the 
method adopted was chosen deliberately, because of the 
interim stage of the Sub-Committee’s work. It was felt 
that outside guidance would serve a useful purpose 
even if accompanied by provocative criticism such as 
Mr. Honeyman has provided. The Sub-Committee 
considers that useful progress has been made in the 
past five years in turning over from a study of “‘ methods 
of determination ” to the application of those methods 
and providing them on an accelerated basis useful in 
steelmaking operations, but much more remains to be 
done. 

Mr. Honeyman’s condemnation of the chilled-pencil 
test for the determination of hydrogen in liquid steel is 
perhaps a little too forthright, and we consider that he 
has taken a somewhat prejudiced view. Closer study of 
the results in Table V will reveal that the agreement 
between the chilled-pencil and the sealed-mould tests 
is better for the tapping samples than for those taken 
shortly after the formation of the white slag, and also 
better than is obtained generally on the lower alloyed 
materials of the open-hearth casts. This implies that as 
the alloy content is increased the tendency for retention 
of hydrogen in the chilled-pencil sample is increased. 
The earlier work of Newell, and Wells and Barraclough, 
to which reference is made on page 402, also showed the 
importance of the alloy content in determining how 
closely the chilled-pencil (* pencil stick ’ or other similar 
open-topped mould samples) agrees with the other 
more complete sampling methods. We must, therefore, 
adhere to our original statement that the chilled-pencil 
sample has possibilities in a rapid determination of the 
hydrogen (and oxygen) contents, particularly of alloyed 
steels. 

Mr. Honeyman’s remarks on the value of the determina- 
tion of oxygen in liquid steel and how far this advances 
the objects of the Sub-Committee, are particularly 
interesting. When furnace conditions are not abnormal, 
there are many indices of the state of oxidation of the 
liquid bath, so that it could be argued that a quantita- 
tive value for oxygen is not required. In fact, one of the 
authors has himself wondered whether there was a real 
place in reutine steel production for a rapid quantitative 
method for the oxygen content of liquid steel and, in a 
provocative vein, has publicly expressed this view. The 
reply of a representative body of practical British Steel- 
makers left no doubt of the need for such a method. If 
that is the steelmakers’ need, its evolution is clearly one 
of the prime objects of the Sub-Committee. Moreover, 
quantitative methods for the oxygen content of liquid 
steel are of fundamental importance in physico-chemical 
studies of the processes, and if, as Mr. Honeyman suggests, 
the quality of the final product depends on the size and 
distribution of the inclusion, then surely knowledge of 
the oxygen content before deoxidation and _ finishing 
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should be of the utmost value in controlling these 
features in the finished product. 

The pick-up of oxygen in tapping and pouring under 
conditions of great turbulence in the metal stream has 
occasionally been suggested, but how far this factor has 
appreciable significance on the final oxygen content 
is a matter of conjecture. In fact, the writer of the 
reference quoted by Mr. Honeyman states that the 
oxygen picked up during a turbulent tapping results in 
the formation of larger and more numerous silicate 
inclusions, which largely disappear during a few minutes 
in the ladle. In regard to the possible pick-up between 
the ladle and the final ingot, it would be practically 
impossible to demonstrate the effect, particularly in 
view of the heterogeneity caused by separation and 
segregation of inclusions in the final ingot, to which, 
indeed, Mr. Honeyman himself makes reference. In 
many tests, the authors have been unable to detect any 
increase in the ingot oxygen content compared with that 
of a killed sample from the ladle stream entering the 
mould. In a recent investigation, the oxygen content 
of an aluminium-killed pit sample from the stream 
immediately below the ladle has been compared with 
that of a sample of forged bar from the middle-of-ingot 
billet of the corresponding ingot—the bar sample being 
representative of the entire central cross-section of 
the ingot. In most cases, close agreement has been 
obtained. 


Oxygen Content of Oxygen Content of 


Ladle-Stream Sample, Forged Bar from Middle 

Cast A of Ingot, % 
6916 0-005 0-005 

6918 0 -0045 0-0055 

6922 0-005 0-005 

6937 0-016 0-0155 

6954 0-0125 0 -0125 

6956 0-0135 0-0145 

6967 0-024 0-024 

6980 0-018 0-0145 


The Sub-Committee has many views on the origin 
and control of hydrogen in liquid steel and its effects on 
the solid product. Comments on the metallurgical 
significance of the results obtained were purposely 
kept to a minimum, but this should not be taken to 
imply that the Sub-Committee does not know what use 
might be made of rapid methods, particularly for the 
hydrogen content. Those members of the Committee 
who have developed methods for the determination of 
hydrogen in liquid steel are already using them in the 
study of steelmaking problems within their own practice. 
Foremost among these problems is, of course, the cause 
of variability of hydrogen content from cast to cast 
and during heats, its effect on the quality of the finished 
product, and its effective control. However, the sugges- 
tion that the hydrogen content is greater with a slow 
boil than with a rapid boil is surely another way of 
expressing the brief statement on page 403 that “ there 
is usually a decrease in hydrogen content during the 
early stages of boiling, followed by an increase to a final 
value higher than the initial.” 

We believe that there is no significance in the difference 
in the amount of hydrogen evolved from the sample 
taken from cast V1518 compared with that from 74705. 
The steady evolution of gas from a solid sample with 
relatively high hydrogen is shown by the gas evolved 
from the chilled pencil sample over 7 days at room 
temperature. Consequently, slight variation in sampling 
procedure and in time interval between sampling by the 
sealed mould and analysis of the sample may partly 
account for the differences in amounts of gas evolved. 

In regard to Mr. Honeyman’s question on the melting 
samples of K1555 and K1593, we suggest that had these 
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two casts been processed similarly after melting, a 
difference in hydrogen content at tapping would have 
remained, but the difference would not have been so 
great. This is shown by the tapping samples, and it may 
well be that the steel with the higher hydrogen content 
at melting loses more hydrogen under similar conditions 
of boiling than a similar melt with a lower hydrogen 
content. 

The authors agree with Dr. Dickie that it would be 
unfortunate to conclude from the examination of billets 
from one mild-steel ingot that the way to obtain clean 


Discussion on the Paper— 


steel is to select the top portion of the ingot. More work 
is required, both analytically and microscopically, on a 
large number of casts before the findings of Dickenson 
regarding silicate distribution are confirmed. 

The authors thank Dr. R. V. Riley for his contribution. 
The possible effect of moisture in the atmosphere must 
always be considered when sampling for H, in liquid 
steel, and although we do not fully concur with the 
estimation of the possible magnitude of the effect, the 
point is a real one, and care should be taken to avoid 
condensation on the mould surface. 


THE STRUCTURE OF CARBIDES IN ALLOY STEELS 
PART I—GENERAL SURVEY* 


by H. J. Goldschmidt 


Mr. H. J. Goldschmidt (B.S.A. Group Research Centre), 
briefly presented the paper. 

Dr. H. A. Dickie (Stewarts and Lloyds, Ltd.): The 
author has quite logically confined his consideration to 
carbides which occur, or may occur, in steels, but it is 
possible to reinforce his conclusions, and to improve 
our conception of what carbides really are in nature, 
by including carbides of elements which do not occur 
as constituents of steel. For example, the alkali 
metals form carbides which have either 8 or 16 carbon 
atoms to each metal atom, and the alkaline earth metals 
in Group II, and also the rare earth metals which fall 
between Group III and Group IV, form carbides with 
2 carbon atoms to each metal atom. The series of 
carbides considered by the author are then reached, 
starting with titanium carbide, with unity ratio of 
carbon to metal, and moving to the right, along the 
long periods of the periodic system, the proportion of 
carbon to metal atoms decreases more or less steadily 
until iron and similar carbides are reached, which have 
3 metal atoms to 1 carbon atom. 

This very strongly suggests a connection between 
the carbides and the pure elements. The pure elements 
vary in density from left to right along the long periods 
of the periodic system. Those on the left are relatively 
expanded, and towards the centre of the periodic system 
a more closely packed condition is reached, with a 
greater number of metal atoms per unit volume. The 
conception is suggested, therefore, that there is more 
room in the relatively expanded metals for carbon 
atoms, and less room in the more closely packed metals. 
The carbides, however, are not solid solutions ; they have 
generally a fixed composition. Furthermore, the metal 
atoms in the carbides are frequently arranged in a way 
which does not occur in the pure metals. For example, 
in titanium carbide the titanium atoms fall in a face- 
centred cubic formation, which does not occur in pure 
titanium. In other cases there is a greater similarity 
between the metal and the carbide, particularly in iron 
carbide, where the metal atoms are arranged in a face- 
centred orthorhombic formation which is a distorted 
face-centred cube, in other words, distorted y iron. 

The carbides do not follow the normal valency laws. 
That is clear from the paper, and it is clearer when 
the other carbides mentioned above are included, 
because the valency relationships in the centre of the 
periodic system become a little confused. However, 





* Journal of The Iron and Steel Institute, 1948, vol. 
160, Dec., pp. 345-362. 
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titanium carbide does correspond superficially to the 
valency law, that is to say, titanium and carbon both 
have a valency of 4, and it would be of interest to 
know whether the author considers that titanium 
carbide, and similar carbides in the same group, should 
be called valency crystals similar to silicon carbide, or 
not. Incidentally, nitrides follow generally a similar 
course ; they do not follow the valency laws, and they 
have the resemblances to solid solutions mentioned 
above ; the ratio of nitrogen to metal atoms is greatest 
for the alkali metals, and shows a clear trend to a lower 
value towards the right of the periodic system, but in 
many cases the ratios do not correspond to those of the 
carbides. 

There are, in the paper, a few possible discrepancies 
or points of misunderstanding, which need further 
elucidation or elaboration. The author says that 
titanium is not such a strong carbide former as are 
tungsten, niobium, or tantalum, but titanium carbide 
has a high heat of formation and a very high melting 
point, which indicates considerable stability, and it 
would be interesting to know whether any information 
is available on the heats of formation of these other 
carbides, and to have the author’s further views on the 
relative strengths of these various carbides. 

The author mentions two different figures for the 
melting point of iron carbide, one approximately 
1550° C. and the other 1650°C., but in the literature, 
figures are given between 1800° and 2000°C., and it 
would be interesting to know what the author considers 
to be the correct figure. 

It is, perhaps, unfortunate that in the author's Fig. 1, 
giving the diagrams of the various binary metal—carbon 
systems, the diagrams are arranged in the reverse order 
to the usual conventional order in the periodic system, 
and read from right to left, instead of from left to right, 
and that those in the top row do not correspond to the 
groups shown in the bottom three rows. Also, in one 
part of the paper he names the long periods in the 
periodic system incorrectly as rows 3, 4 and 5 in Fig. 2, 
whereas he gives these correctly as the fourth to sixth 
rows at the top of p. 346. 

Another small point is that the existence in nature 
of the element known as masurium, which is supposed 
to occupy the place below manganese in the periodic 
system, has not been confirmed. This space, which is 
that of the element with atomic number 43, is now 
occupied by the element technetium, TC, a synthetic 
radioactive element recently produced and named after 
the Greek word meaning ‘ artificial.” It would be well, 
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in the very complex sphere in which we work, to keep 
these matters in line with known work in other, perhaps 
more fundamental and probably simpler, branches of 
science, such as atomic physics. 

Mr. H. Morrogh (British Cast Iron Research Associa- 
tion): In so far as this paper is a collection of already 
existing information, it is surprising that the author 
made no reference to the very valuable book by Becker, 
which contains an interesting summary of the properties 
of many carbides and related compounds. For instance, 
with reference to the partial system titanium carbide— 
titanium nitride, Becker reports the work of Agte 
showing that this system represents a continuous series 
of solid solutions. 

The author refers to work which Williams and I 
carried out on the analogies existing between the nickel— 
carbon, cobalt—carbon, and iron—carbon systems, and 
draws attention to the fact that Kohlhaas and Meyer 
report the structure of nickel carbide to be the ortho- 
rhombic cementite structure. We were not aware of 
the work of these two investigators when our work was 
being carried out, but this information completes in a 
very full manner the analogies existing between these 
three systems. A point to which the author has not 
referred is the possibility of the existence of iron— 
carbide-silicon complexes. Mr. Marles observed such 
a carbide phase in relatively high-silicon cast irons,? 
and I have since been informed that similar silico— 
carbide phases exist in certain high-silicon steels. In 
the field of carbides in alloy steels this would appear 
to be an interesting subject for investigation. 

The author also refers to the work of Jack on the 
existence of iron percarbide, Fe,C. There is a possibility 
that this phase may occur in cast irons. We have found 
that when grey cast irons are held at temperatures of 
the order of 300 to 500°C. over a long period of at 
least a month, and sometimes of the order of years, the 
carbon of the graphite flakes reacts with the metallic 
matrix, and becomes coated with an envelope of a carbide 
which appears to be other than Fe,C. 

Dr. A. J. Bradley, F.R.S. (B.S.A. Group Research 
Centre): When I was in charge of crystallographic 
research at the Cavendish Laboratory, I suggested 
that the structure of cementite should be re-investi- 
gated, because I felt sure that it would prove to be 
the same as that of NiAl;, which Dr. Taylor and I 
worked out in Manchester, and, in fact, this proved 
to be the case. This is rather remarkable, and would 
not be expected from any previous knowledge of the 
alloys. 

The main point ebout this structure, worked out at 
the Cavendish Laboratory by Lipson and Petch,* is that 
a very high degree of co-ordination of the iron atoms 
exists, which is typical of a pure metal. Usually, 
12 co-ordination is associated with face-centred cubic 
structures, whereas in body-centred cubic structures, 
there are 6 close neighbours and 8 a little further away, 
making 14 at slightly different distances. This is like 
a metal with the carbon inserted between the metal 
atoms. 

In the analogous NiAl, structure, the smaller nickel 
atom is inserted between the aluminium atoms. The 
reason for the cementite structure is that the size of 
the carbon atoms is just right to fit in between the iron 
atoms. 

Dr. Lipson’s Fourier synthesis* shows that, in addition 
to the large atoms of iron, the small atoms of carbon are 
quite visible ; furthermore, small peaks and necks can 
be seen joining together the large iron atoms and also 
the small carbon atoms. These necks are the sites of 
free-valence electrons, and are the first real proof that 
free-valence electrons occupy sites in crystals. 
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The very simple relation between free-valence elec- 
trons and atomst was surmised by Hume-Rothery, 
but rather spoilt by the more complicated values given 
by Westgren. The scheme of electron/atom ratios is 
1/1, 3/2, 5/3, 7/4, 9/5, 11/6 and 13/7, the general rule 
being (2n—1)/n. Hume-Rothery gave the ratio 3/2 
for one phase, and Westgren gave 7/4 for another, but 
the latter gave a more complicated ratio to the inter- 
vening y phase. This sequence (2n—1)/n, extending 
from the minimum electron/atom ratio of 1/1, 7.e., 
1 “‘s” electron to one atom, to the maximum, i.e., 
2 “s” electrons to one atom, underlies the whole of 
alloy structures. 

The application to cementite is very simple. Cemen- 
tite has a 7/4 structure, 4 because the formula is Fe,C 
and 7 because there are 9 free-valence electrons from 
iron, and 2 of these electrons are transferred from iron 
to carbon. As in sodium chloride, where an electron is 
transferred from sodium to chlorine, here two electrons 
are transferred from iron to carbon, making the carbon 
6 valent instead of 4, so that there is 6-valent carbon in 
cementite, which gives it its peculiar properties. This 
is why one carbon atom occurs between six iron atoms, 
so that a combination of the metallic valency with the 
electron transfer results. However, the electron transfer 
is only partial, because the 6-valence electrons which the 
carbon now possesses hold together the iron and carbon 
atoms. 

Dr. F. D. Richardson (B.I.S.R.A.) : The stabilities of 
the carbides dealt with in the author’s most stimulating 
paper, are obviously of great interest. These stabilities 
and the manner in which they change with temperature 
can be well represented in the same type of free-energy 
diagram shown for oxides by Richardson and Jeffes.5 
Unfortunately, thermodynamic data on carbides are 
sparse, and estimates have to be made to get the maxi- 
mum value from the small amount of data available. 
Heats of formation cannot often be estimated with 
safety. Entropies of formation frequently can, especially 
for a series of similar reactions for which some measured 
results are available. These estimated entropy changes 
and the measured heats of formation can be used to 
calculate the free energies of formation required for the 
diagram. 

In Table A are listed the available data on the entro- 
pies of metal carbides which come mainly from Kelley’s 
laboratory in Berkeley, U.S.A. 

Though these entropies of formation may be positive 
or negative, they are all rather small, so that the lines 
on the AG®°/T' diagram are more or less horizontal. 
However, to be as exact as possible, in making estimates 
it is of interest to see whether the signs of the entropy 
changes can be linked with the structures of the various 
carbides as listed in the author’s paper. The results 
are, perhaps, too few and the error limits too great to 
permit any safe conclusions. It does seem, however, 
that the interstitial carbides, where carbon fits pretty 
well into the original metal lattice, are formed from 
their elements with entropy decreases, whereas the more 
complex carbides are formed with entropy increases. 


Table A 


Carbides with Structures not 


Interstitial Carbides Related to the Metal Structures 


Carbide 4S°25° GC. Carbide A4S° 
TiC —2-80+4.0-2 Cr,C, +0:-6440.47 
VC —1-6 40-1 Cr,C, +4-16 40-88 
Cr,C +1.2240-51 
Fe,C +4-93 41.33 
TaC —0-16 +.0-23 Mn,C —0:6 40:5 


Other data CaC, +4-13+0-16 
Sic —1-91+40-12 
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In view of what Dr. Bradley has said about NiAI, 
being similar in structure to Fe,C, it would be inter- 
esting to know whether NiAl, exhibits a specific heat 
anomaly of the type shown by Fe,C at about 200° C., 
which accounts for the rather curious free-energy curve 
and therefore stability of Fe,C. 

Mr. K. H. Jack (The British Iron and Steel Research 
Association, Cambridge): Because of the limiting 
solubilities of carbon in liquid iron, nickel, and man- 
ganese, it is said that the molecular aggregates Fe,C, 
Fe.C, Ni,C, and Mn,C possibly exist in the liquid state. 
No such simple molecules exist even in the solid state, 
where, for example, in the case of cementite the unit 
of structure contains sixteen atoms. In those carbides 
with simple structures, it is not impossible that metal 
atoms are co-ordinated about carbon atoms in the 
liquid state in a manner similar to that in their solid 
state, but it is most unlikely for complex carbides. 

The hexagonal structure found by Westgren and 
Jacobson for nickel carbide is aid to be attributable 
to a hexagonal form of nickel. However, the density 
calculated from unit cell dimensions is much too low 
for metallic nickel, and a critical survey of the published 
work on so-called hexagonal nickel indicates that the 
hexagonal structure contains dissolved carbon, nitrogen, 
and probably hydrogen. I have examined a sample, 
previously considered to be hexagonal nickel, which 
chemical and X-ray analysis proved to be pure Ni,N 
with cell dimensions (a, 2-66kX ; c/a, 1-63) very similar 
to those of the carbide of Westgren and Jacobson. 
Moreover, carbon can replace nitrogen in nickel nitride 
without change in structure, so that the report of a 
close-packed hexagonal nickel carbide is almost certainly 
correct. This does not preclude the existence of Ni,C, 
having .an orthorhombic cementite structure. ‘ Hexa- 
gonal nickel ’ is probably analogous to ‘ hexagonal chro- 
mium,’ which has recently been shown® to be, in fact, 
a hydride. 

In the iron—carbon system, the latest report’ indicates 
that, in addition to austenite and martensite, there are 
three iron carbides, namely: cementite, Fe,C ; iron 
percarbide, which, from my own work,® is considered 
to contain slightly less carbon than Fe,C ; and, finally, 
Fe,C having a close-packed hexagonal or pseudo close- 
packed hexagonal structure. All appear to be meta- 
stable, decreasing in stability in the above order and 
decomposing as follows : 


Fe,C —> FesC, —> FeC —> a-Fe 
iron percarbide cementite ferrite 
+ OC ee LC 


Fe,C occurs in synthetic hydrocarbon catalysts and 
forms the carbon-rich extreme of the series of approxi- 
mately hexagonal close-packed iron carbonitrides pre- 
viously reported.® Just as the Fe,C structure becomes 
more stable when the carbon is partly replaced by nitro- 
gen, so it is possible that its stability may increase 
when the iron is partly replaced by another metal of 
suitable atomic size and capable of forming hexagonal 
M.C carbides. 

Mr. Morrogh’s observation of the possible occurrence 
of iron percarbide in cast irons is most interesting. The 
structure of iron percarbide has not yet been determined, 
and the unit cell dimensions quoted in the author’s 
paper have not been proved beyond doubt. The X-ray 
diffraction patterns of cementite and the percarbide 
seem too dissimilar for the transition from one to the 
other to take place without major changes in structure. 
The unit cell size relationships which the author has 
worked out for these two carbides, and later for the 
carbides based on Cr,;C, and FesW,C, show only that 
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the structures are compatible with a reasonably close 
packing of the different atoms, without, however, those 
structures necessarily having any greater degree of 
similarity. 

It is further mentioned that cementite is always the 
prevalent carbide in plain-carbon and low-alloy steels. 
Now it has been claimed?® that when a martensitic steel 
containing 0-:9% of C and 0-0056% of N is tempered 
at 200°C., a close-packed hexagonal iron nitride is 
precipitated. I have suggested® that the product of 
tempering is an iron carbonitride, but from the latest 
evidence of the existence of Fe,C it is not unlikely that 
the close-packed hexagonal phase is an almost pure iron 
carbide. Arbusov and Kurdjumov!! tempered a 
1-4% C martensitic steel, and observed X-ray diffraction 
effects which they attributed to a new iron carbide. 
Their observations are not in agreement with the 
formation of either Fe,;C or iron percarbide. I have 
recently reinvestigated the problem, and have confirmed 
and supplemented the limited observations of the 
Russian workers, but find that all the X-ray diffraction 
effects from martensite tempered below 300°C. are 
explained by the formation of very thin plates of strained 
cementite. The plane of the plate is parallel to the 
(001) plane of the cementite structure, the ¢ dimension 
of which is smaller than the normal value. Such results 
suggest precipitation hardening as a possible explanation 
for the hardness of martensitic steels which have been 
tempered at these low temperatures, and they also are 
not in disagreement with Hume-Rothery’s ‘suggested 
mechanism for the martensite—cementite transformation 
which is discussed on p. 356 of the author’s paper. It 
must be pointed out, however, that the positions for the 
carbon atoms of martensite are given by Hume-Rothery, 
Raynor and Little!? as the centres of the C faces of the 
tetragonal cell. Lipson and Parker!® consider these 
same positions to be occupied in a random manner, 
together with the crystallographically equivalent inter- 
stices at the mid-points of the c edges. Hume-Rothery’s 
argument has not, therefore, been affected by any 
subsequent work. Indeed, there is no experimental 
evidence to show that there is a completely random 
distribution of carbon atoms among these two crystallo- 
graphically equivalent types of interstices. * Some 
further degree of order may not be unlikely, since with 
the corresponding nitrogen martensite, tempering at 
120° C. is sufficient to cause a complete ordering of the 
nitrogen atoms, giving a unit of structure containing 
(ideally) Fej.N 2. 

In view of the author’s remarks on the alternative 
formation of cementite and (Cr,Fe,W),,;C, from mar- 
tensite, a repetition of my work on the tempering of 
martensite using alloy steels in place of plain carbon 
steels would seem to be desirable. 

Considering tungsten, tantalum, and molybdenum 
carbides, the structure given in Fig. 7 (d) for W.C is 
based upon the observation of two faint lines in the 
X-ray powder pattern. Similar reflections have not been 
observed in the Ta,C and Mo,C cases. Thus, on the 
evidence available, Ta,C and Mo,C structures consist of 
layers of close-packed metal atoms alternating with 
carbon atom layers in which only one half of the available 
sites are occupied. This arrangement differs from that 
occurring in W,C. Successive layers are : 

In W.C, 

WwW — W’— C— W— W’ —C, ete. 


In Ta.C and Mo.C, 
M — 4C — M’ — 3C — M — 340 — M’ — 1, ete. 


A re-examination of these carbides, using more refined 
X-ray techniques, should decide whether such structural 
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differences exist. The 8 modifications of W,C and Ta,C 
are obtained only by carburizing wires of the metal at 
temperatures above about 2400°C. Debye-Scherrer 
photographs of the undisturbed carburized wires are 
similar to those of the « forms, except that reflections 
due to planes most nearly parallel to the c axis (e.g., 
hkO) are missing or weakened. To account for this, 
two tentative suggestions have been made. One, by 
Becker and quoted by the author, is that the trans- 
formation is similar to that between « and 8 quartz, 
and the other™ is that random orientation of the metal 
atom layers about the c axis occurs. Both appear to 
be inadequate, and further experimental work seems to 
be required. On powdering the wire, the usual « pattern 
is observed. This suggests the existence of preferred 
orientation, and if W,C or Ta,C is formed at high 
temperatures as fibre-like crystals, with the fibre axis 
parallel to the c axis of the crystal and perpendicular to 
the original wire axis, then the observed effects may be 
explained without assuming the existence of a second 
(@) structure. A simple hexagonal arrangement of 
metal atoms is possible, according to Hiagg’s rules, only 
when the radius ratio is between the limits 0:53 and 
0°59. MoC and WC (rx/ry = 0-55) satisfy this con- 
dition (see the author’s Table II), so that their structures 
are in accordance with the rule. More evidence about 
the W,C —— WC transition is desirable before the idea 
that the hardness of bonded tool tips is associated with 
Lipson-type faults can be substantiated. 

Table II shows that for carbides with the NaCl 
structure, all observed values for the carbon atom 
radius are less than the usual covalent value of 0-77 kX, 
and it is questionable whether. this can always be 
explained by a deficiency of carbon atoms. It is also 
significant that despite the structure of the parent 
metal (e.g., body-centred cubic Fe, W, etc.) the arrange- 
ment of metal atoms in the carbides tends towards 
close-packing at high interstitial atom concentrations 
(e.g., Fe,C, W,C). Close-packed structures in metals 
are favoured when the d electron shells are nearly full 
(see Mott and Jones'*). The contribution by the non- 
metal atoms of electrons, some of which may go into 
the incomplete d shells of the transitional elements, 
may thus be one of the “ other factors’ which must be 
considered (see p. 351) in the interpretation of inter- 
stitial structures. A similar theory, applied to alloys 
formed by aluminium and the transitional elements, has 
been put forward by Raynor and Waldron.!® Anomalous 
values of interstitial atomic radii might be explained 
on this idea. Dr. Bradley’s remarks on cementite, 
Fe,C, which he considers to be an electron compound 
similar to NiAl,;, are interesting, and it should be noted 
that Raynor’* has shown for NiAl, that absorption of 
electrons by the transitional element atoms takes place. 

With reference to the intersolubility of different 
carbides, Norton and Mowry concluded from a recent 
investigation,!” that complete miscibility of chemically 
similar carbides occurs if the difference in size of the 
metal atoms is less than 13%, and they found that any 
two of the following carbides, VC, TiC, NbC, TaC, ZrC, 
except the VC-ZrC pair, formed a continuous solid 
solution at 2100° C. 

From a statement on p. 355, it might be inferred that 
incipient entities of W,C exist in the Fe,W,C structure.” 
The latter structure must be considered as a whole, 
for if it were less stable than the appropriate mixture of 
iron and W,C, then W,C would be precipitated. The 
carbon atoms occupy the centres of particular tungsten 
octahedra because, since the tungsten atom is larger 
than the iron atom, these octahedra are the largest 
available. The structure as a whole is probably more 
close-packed than for any other carbon atom location. 
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It does not seem possible for the change from aus- 
tenite containing, at most, about 8 at.-% of C, to 
(Cr,Fe,W).3Cs, containing 20 at.-% of C, to proceed 
instantaneously (see p. 356). Diffusion of carbon atoms 
must take place, and the change must be similar to the 
martensite—cementite transformation rather than to the 
austenite—martensite transformation. 

In regard to Mr. Morrogh’s query about iron-silicon 
carbides, I am at present carrying out a structural 
investigation of a new iron-silicon carbide and an 
isomorphous iron—manganese-silicon carbide. The car- 
bides contain about 14% of Si and 5% of C; the unit 
cell is triclinic, but only slightly distorted from a hexa- 
gonal cell of dimensions a = 6:4 kX, c/a = 1-5. 


CORRESPONDENCE 


Dr. K. W. Andrews (The United Steel Companies Ltd. 
Research and Development Department) wrote: Al- 
though one might expect TiN and TiC to be completely 
soluble, does the author consider that this has been 
proved ? For steels, we and the other workers do not 
seem to have obtained cubic phases in equilibrium, with 
lattice spacings near the middle of the range extending 
from the value for TiN to that for TiC. The general 
occurrence of two phases, TiC with some TiN in solid 
solution and TiN with TiC in solid solution, referred 
to on p. 352, is confirmed fully by our own experience 
with a number of titanium bearing steels. These two 
phases usually give sharp lines with resolved «,—z, 
doublets, and have lattice spacings quite near those of 
the end members. Thus, te spacings obtained with a 
series of alloy steels containing 18 to 20% of Cr and 
31 to 32% of Ni, with varying amounts of Ti and C 
are listed in Table B. The long time of heat-treatment 
suggests that equilibrium ought to have been approached. 
Is it possible that TiC and TiN are mutually soluble in 
isolation, but that in the presence of, say, austenite 
some other type of equilibrium is established, involving 
only restricted mutual solubility ? On the other hand, 
is it more correct to explain the facts by considering 
TiN as a non-metallic inclusion formed mainly during 
casting, whereas TiC is essentially a metallurgical 
constituent which can be dissolved in austenite and 
reprecipitated ? 

The steels from which the residues in Table B were 
obtained had a high-alloy content, and it may also be 
true that conditions of equilibrium for the TiC and 
TiN phases differ markedly from those which apply to 
plain carbon steels. 

It is significant that all of the above residues also 
contained varying amounts, generally small, of the 
cubic carbide (Cr,Fe),,C,. In the second residue, how- 
ever, the amount was quite considerable, in spite of the 
Ti content of 1:09 and carbon content of only 0-07. 
It is thus clear that the chromium carbide does occur 
together with titanium carbide in some steels, even 
when the titanium content is considerably more than 


Table B 


X-RAY EXAMINATION OF RESIDUES FROM A 
GROUP OF CR-NI STEELS AFTER AIR COOL- 
ING FROM 1050°C., REHEATING AT 700° C. 
FOR 48 HR., FOLLOWED BY 650° C. FOR 548 HR. 


Ti, % Cc, % TiC phase, kX TiN phase, kX 
0-80 0-085 4-321 4-235 
1-09 0-07 4-319 4-236 
1-11 0-07 4-325 _ 
1-23 0-08 4-318 4-236 
1-36 0:05 4-321 4-236 
1-52 0-08 4-319 4-238 
1-60 0-11 4-324 _ 


Pure TiC : 4-325 Pure TiN : 4-233 
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DISCUSSION ON CARBIDES IN ALLOY 


ten times the carbon content, and when the matrix is 
austenitic. 

It is interesting to note that in connection with the 
mutual solubility of cubic carbides, Norton and Mowry!’ 
have recently demonstrated complete mutual solubility 
at high temperatures between pairs of the binary 
carbides VC, TiC, NbC, TaC, ZrC, with the exception 
of the pair ZrC-VC. In this case the conception of 
‘ size-factor ’ has been applied, and a difference of 16% 
or so is obtained, whereas the mutually soluble pairs 
have a size factor of under 13%. 

The carbide of general formula M,,C, has been 
encountered in residues from chromium -nickel steels, 
and in similar steels containing molybdenum, or other 
elements. Considerable lattice parameter differences 
are obtained, and can be related to the composition of 
the steel. This point is illustrated by the following 
examples of carbides of the M,;C, type, found in elec- 
trolytic residues : 


Lattice Parameter, 


Carbide 2 Origin 
Cro3Ceg 10-638 From published data 
Fe,,Mo.C, 10-52/10-53 ,, ‘5 
(Cr. Fe)o3C, 10-589 High Cr, low Ni steel 


examined in our own 
laboratory. 


(Cr. Fe) o3C, 10-598 From a steel as in 
Table B. 

(Cr,Fe,Mo) oC, 10-630 After different heat- 

10-642 treatments of a steel 


10-650 containing 19% of Cr, 
12% of Ni, and 34% 
of Mo. 
After different heat- 
treatments of a steel 
containing 18 % of Cr, 
8% of Ni, 34% of Mo, 
and approximately 
0-2% of W. 

In the last of these examples, the residue was enriched in W, but other 
constituents were also present. ‘The slightly higher spacings than in the 
previous steel, suggest some W in the carbide. 


(Cr.Fe,Mo(W)).,;C, 10-650 
10-655 
10-660 


Lattice spacing measurements can be useful in such 
cases, since they throw light on the partition of various 
elements between the carbide and other phases, especially 
when insufficient residue is available for a chemical 
analysis, or where other constituents are present. The 
effect of molybdenum in some of the examples given 
above is very marked. 

In regard to the author’s comments on pp. 356-7 
concerning the different schemes of formation of the 
three carbides M,,C,, M,;C;, and cementite, it would be 
useful if an indication could be given of the ranges 
of composition in which these three carbides might be 
expected. Some indication is given by Tofaute and 
others,'!* to which the author has not referred. If this 
work is substantially correct, it would be an excellent 
guide for plain chromium-—carbon steels, and it would 
be interesting to know what changes in the boundaries 
occurred when molybdenum or tungsten were added. 

The author is to be congratulated on finding what 
seems to be the missing link between austenite and the 
cubic carbides with the sodium chloride type of struc- 
ture.1® This is important, as it seems that we may 
expect phases having compositions anywhere between 
austenite and this carbide which resembles austenite, 
with 9-4 wt.-% of carbon. It is interesting that such a 
phase should be stable at high temperatures, otherwise 
one might have regarded it as a metastable state brought 
about by the migration of carbon atoms as a preliminary 
to the precipitation of a stable carbide. I wonder 
whether its occurrence is only to be expected over a 
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small range of compositions, including the 6% Cr, 1% C 
steel in which the author found it, or whether it has 
been found in steels over a wide range of compositions. 

It would be useful if tables of accurate interplanar 
spacings of the carbides referred to. and perhaps of 
other constituents, were to be assembled in a suitable 
form for the use of the increasing number of workers 
who employ X-ray methods for the identification of 
these compounds. 


AUTHOR’S REPLY 
Mr. H. J. Goldschmidt wrote: I thank Dr. Dickie 


for his interesting contribution to the discussion. The 
present group of carbides, which was deliberately restric- 
ted mainly to steel constituents, clearly forms part 
of the broader system which, he points out, exists in the 
periodic table. The connection between the structure of 
the interstitial carbide and that of its parent metal, is a 
close and relatively simple one, governed largely by the 
radius ratio although, as Dr. Dickie mentions, the 
valency effect also enters, and introduces complications. 
‘I would not, however, consider the carbides as ‘ valency 
compounds,’ in the accepted sense of the word. 

It is instructive, in regard to Dr. Dickie’s remarks, 
to correlate the structure of an element and that of 
its carbide, nitride, boride, oxide, etc., with the relative 
melting points, as far as data are available. Carbon 
may either raise or lower the melting point of an element, 
as shown below, where the carbides are arranged accord- 
ing to the groups of the periodic table. 


Melting Point Differences of Carbide and Parent Metal 


Group Carbide To—Tm: ° C. 
IV TiC +1340 
ZrC + 1680 
HfC 1650 
V VC 1030 
NbC 1550 
TaC 845 
VI CrasC, 310 
Cr;C; — 200 
Cr.C, a 
Mo.C 110 
MoC 120 
W.C — 540 
WC — 530 
T, = melting point of carbide. 
Tm = melting point of metal. 


Very significantly, it is always the transition, element 
to cubic close-packed carbide, which considerably 
raises the melting point, whereas the transition, element 
to hexagonal close-packed and complex carbides, either 
lowers it or leaves it substantially unaltered. The 
difference T',—T, varies systematically, always decreas- 
ing along the rows, and, within each group, consistently 
attaining a maximum for the middle row V, viz. Zr, 
Nb, Mo. Further points arise from this, but it is not 
necessary to attempt an explanation here, which can 
only be in terms of the electron theory. Nitrides and 
borides follow similar rules, and, with due modifications, 
so alsc do oxides and hydrides. 

In regard to Dr. Dickie’s question on titanium carbide, 
I did not intend to convey that Ti is a weaker carbide 
former than W, Nb, or Ta. Ti is certainly one of the 
strongest carbide formers. Data on heat of formation 
are still very incomplete, but I would refer to Dr. 
Richardson’s remarks. 

The melting point of cementite cannot be accurately 
determined, owing to its tendency to decompose, and 
different authors give widely varying values. The 
discrepancy between the two figures quoted is an 
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inadvertent one owing to reference being made to two 
different sources, and I thank Dr. Dickie for point- 
ing out this mistake, as well as that in the row numbers 
in Fig. 2. 

The arrangement of phase diagrams in Fig. 1 is that 
of proceeding from weak to strong carbide formers, which 
seemed reasonable in showing up the latter as a further 
development of tendencies already incipient in the 
weaker carbide formers. This happens to go from right 
to left in the periodic table. The layout of Fig. 1 
has been slightly compacted, to save printing space, 
the top eight diagrams would otherwise have formed 
one long row. 

In reply to Mr. Morrogh, Becker’s original papers 
have been referred to in several places, though not his 
book. I did mention on page 352 that the system TiC— 
TiN forms a continuous series of solid solutions, quoting 
Hume-Rothery instead of Agte; this is referred to in 
connection with Dr. Andrews’ comments. I am glad 
that Mr. Morrogh finds the reference to Kohlhaas and 
Meyer’s result of a cementite structure for nickel carbide 
of value, as it fits in with his theory very well indeed. 
Morrogh and Marles’ results on silico—carbide phases are 
of greatest importance, but the effect of silicon was 
deliberately left outside the scope of the paper. I also 
found, by X-ray analysis, silicide formation in certain 
types of alloy steel as an alternative (and to some extent 
competitive) effect to carbide formation. 

Mr. Morrogh’s finding of the possible existence of 
Fe,C in cast iron is most interesting ; the manner of its 
formation, by a long-time, low-temperature anneal of 
matrix in contact with graphite, would suggest this to 
be a true equilibrium phase, in contrast to Fe,C. 

Dr. Bradley’s contribution on the analogy of the cemen- 
tite and Al,Ni structure is appreciated, and his new 
electron compound theory, in its more general aspects. 
is of fundamental importance, because, among other 
things, it helps to bridge the gap between carbide and 
intermetallic compound formation in steels of given com- 
position. Whether a mutual solid solution Fes;C—Al,Ni 
might not exist, would be worth investigation. 

In regard to Dr. Richardson’s remarks, the correlation 
of carbide structures with free energy, heat of formation, 
and entropy, is bound to suffer through the scanty 
thermodynamic data available, and here an extension 
to carbides of Richardson and Jeffes’ work on oxides 
will obviously be valuable. The entropy decrease for 
simple interstitial carbides and the increase for the 
more complex ones, which Dr. Richardson indicated, 
may perhaps be amplified by the above trend of melting 
points. 

The analogy of specific heats between Fe;C and NiAl,, 
in accordance with Dr. Bradley’s remarks, remains to 
be investigated. 

A large part of Mr. Jack’s comprehensive comments 
are worthy of an independent paper, adding to the present 
one rather than subtracting from it. This refers, particu- 
larly, to his discussion of the possible formation of a 
new iron carbide, reported by Russian workers to form 
from low-tempered martensite; his finding that this 
really consists of thin plates of strained cementite is of 
great interest, and such strains may well explain certain 
differences in X-ray line breadth, which we recently 
observed in extracted cementites. In this connection 
I wonder whether the 001 planes of these cementite 
lamellae grow orientated along any specific tetragonal 
plane of the parent martensite, and if so along which ? 

Briefly replying to Mr. Jack’s specific questions, 
the suggestion of molecular aggregates of Fe,C, Fe,C, 
Ni,;C, Mn,C existing already in the liquid would seem 
justified, if by this term is understood a loose aggregation 
of metal atoms tending to cluster around carbon in a 
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manner anticipating their co-ordination in the crystal. 
No literal molecules were implied, which clearly do 
not exist in the carbide, but the observed liquid solubility 
limits at Fe,C, Fe,C, etc., did seem to be more than a 
coincidence, and to support such cluster formation. 
Furthermore, the mere fact that a two-phase equilibrium 
liquid metal-solid carbide exists (7.e., where the melting 
point of the carbide is higher than that of the pure 
metal), implies that, here, solid carbide particles must 
be freely suspended in the liquid metal, which may be 
considered as the second stage of the above nucleation 
in the liquid. 

I quite agree that the existence of hexagonal nickel 
is very doubtful, and that workers reporting it have 
probably dealt with either gaseous or carbon solid 
solutions or with actual nitrides, carbides etc. . Mr. 
Jack’s finding of a hexagonal nitride Ni,C, is interesting 
but does not disprove the additional existence of an 
orthorhombic Ni,C, analogous to cementite. The possibil- 
ity of two allotropic forms of Ni,;C might be worth 
investigation. Also, Mr. Jack’s evidence for hexagonal 
Ni,C is only indirectly from the nitride: might not 
a transition, hexagonal — orthorhombic, occur in the 
series Ni;N-Ni;C ?) Mr. Jack’s remarks on the possible 
differing of the W.C structure from that of Ta,C and 
Mo,C, in the manner of hexagonal layering do not, I feel, 
alter mine ; a detailed X-ray study is certainly required. 

IT fully agree that the evidence for a high temperature 
form of W.C (8) existing above 2400° C. is weak; 
the supposed difference may well be one of preferred 
orientation and distortion of certain lattice planes, and 
this forms an excellent subject for study by a high 
temperature camera. 

I did not mean to imply, by Table II, that the atomic 
size of carbon and metal atoms is the only factor affecting 
the structure ; it is quite clear that the electron valency 
effect enters as well, and will, in part, explain the 
anomalies in apparent atomic size. The link-up of 
carbide structures with Raynor’s work on intermetallic 
compounds is most desirable. 

I thank Mr. Jack and Dr. Andrews for mentioning 


Norton and Mowry’s recent work on intersolubilities of 


simple carbides, which appeared after the present 
publication. In this connection I would also refer to 
Novotny and Kieffer’s investigations.°° 

In regard to Mr. Jack’s last two queries, it would be 
wrong to infer that incipient entities of W.C exist in 
the Fe,W.C (ny) structure. The 7 phase is a stable, 
self-contained structure, and there are no W.C units, but 
it was intended to convey that the carbon environment 
in the 4 phase is significantly one of tungsten, not iron, 
atoms, so that if decomposition occurs (as for instance 
at the tungsten-rich end of the 7 solid solution range. 
Fe,W,C—Fe,W;C), this environment is already favourable 
for tungsten—carbide formation. The fact that there 
is more space for carbon in the tungsten octahedra 
than at any other point of the structure may be con- 
sidered as an explanation for selecting this site, and 
does not seem to conflict with my statement. One 
reason why tungsten itself is a strong carbide former, 
may, on this line of argument, also be given as spatial! 
conditions being favourable in WC and W,C. 

Spontaneous transformation from austenite to the 
carbide (Cr,Fe,W).3C, is quite possible, in spite of the 
implied diffusion by difference in gross carbon content. 
This may be visualized by assuming that micro-segrega- 
tion of carbon occurs within the austenite lattice as a 


preparatory stage to transformation, a certain volume of 


face-centred cubic unit cells being enriched, and an 
adjoining volume being impoverished, in interstitial 
earbon. This lattice segregation will be aided by a 
corresponding one of chromium atoms, and spontaneous 
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austenite-carbide transformation would occur mainly 
in chromium bearing steels. 

Dr. Andrews’ results on titanium carbide and nitride 
solid solutions are valuable. It has not, to my knowledge, 
heen proved conclusively whether TiC and TiN form 
a continuous series of solutions, but this seems probable, 
at any rate at high temperatures, whereas limited 
solubility may develop at lower ones. 

A difference in the type of interstitial bonding, v7z., 
a tendency to ionic as against homopolar bonding, may 
exist between nitride and carbide, and may explain 
why the end members may tend to keep distinct. I am 
glad that Dr. Andrews can also confirm the separate 
character of the two phases, as shown in Table B. 
The presence of the austenite matrix has a profound 
influence on the attainment of equilibrium between 
TiC and TiN, and if a carbide and a nitride particle are 
formed at different stages of the steel history, and are 
embedded within the matrix, out of contact, normal 
diffusion rates will be quite inadequate to establish 
a TiC—TiN equilibrium at the low temperatures of the 
heat-treatment quoted in Table B, in spite of the pro- 
longed times. In this sense, TiN may well be compared 
to an inclusion. 

Dr. Andrews’ data on the carbide (Cr,Fe,W,Mo).3C5, 
and lattice spacing variations for various steels, fully 
conform with our own X-ray results on electrolytic 
extracts from chromium steels of different compositions. 

In regard to the conditions of formation of the three 
carbides M,.,C,, M,;C;, and cementite, the Tofaute, 
Kiittmer, and Biittinghaus’ Fe-Cr-C phase diagram 


system was not dealt with since it is to be the subject of 


another paper. Our re-examination of this system reveals 
several differences from their diagram, but it is premature 
to definitely attempt location of the phase boundaries, 
as they are critically subject to small differences in 
heat-treatment which are liable, for some compositions, 
to produce entirely different carbide assemblies. True 
equilibrium is very difficult to obtain, owing to the 
reactions being sometimes sluggish and sometimes 
spontaneous. A more recent account on this subject is 
given by Lyman and Trojano.?} 

Regarding Dr. Andrews’ comments on the austenite- 
like carbide recently reported by myself (Y phase),!® 
for the moment I prefer only to state its occurrence, 
and not to attempt to define its stability range with 
composition and temperature ; this still needs thorough 
investigation. 


Joint Discussion on the Papers— 


In regard to his last point I have already published a 
collection of interplanar spacings of carbides,*? in the 
hope that this may prove helpful. 
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PRESENT METHODS OF OPEN-HEARTH FURNACE CHARGING* 


by E. L. Diamond and A. M. Frankau 


and— 


THE INFLUENCE OF HEAT TRANSFER ON OPEN-HEARTH 
FURNACE CHARGING RATE+ 


by M. W. Thring 


Mr. Diamond and Mr. Frankau presented the first of 


the two papers. 

Mr. Diamond said that one or two points tended to be 
overlooked in discussion on the subject. Lt was impor- 
tant. in the first place, to realize that the core of the 
problem was to maintain, when necessary, the required 
maximum rate of supply of material to the melting shop 
as a whole. Individual charging records, particularly in 
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America, had been cited as evidence that the authors 
were unduly pessimistic about the limitations to the 
present methods of supply, especially as regards the 
stage railway system. He thought, however, that it 





* Journal of The Iron and Steel Institute, 1949. vol. 161, 
Mar., pp. 191-211. 


+ [bid., pp. 212-221. 
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would be found that such records were usually made 
when few furnaces were charging simultaneously, as was 
indicated by the fact that some of them were known to 
have been achieved by the concentrated use of two 
chargers on one furnace in a shop with only four or five 
chargers in all. Delays and loss of production, however, 
occurred when a high proportion of the furnaces in the 
shop came round for charging together, and it was with 
that problem that the paper was almost entirely 
concerned. 

The second point was to stress the need for some 


clarification of future requirements as to rates of 


charging. There was a tendency to avoid specifying 
definite charging times which engineers could use as a 
basis for their work, on the grounds that the introduction 
of oxygen or some other improvements in the future 
might necessitate greatly increased rates of charging. 
If these possibilities could be clearly formulated the 
problem could be tackled, but it would take time. It 


would almost certainly involve mechanical methods of 


supply and charging completely different from either the 
stage railway or the bench loading system. As an 
argument in favour of the fixed charger, it was largely 
illusory, since no existing supply system could feed a 
battery of fixed chargers working continuously and 
simultaneously at their maximum rate. 

They had done some preliminary work to pave the 


SS. 


way for an all-mechanical scrap-handling and charging 
plant which he hoped would be available for publication 
in due course. But a practical solution of the problem 
would be difficult, and in the meantime they submitted 
the rotary bench loading machine, outlined in Fig. 11, 
as a proposal which could be applied to existing as well 
as to new shops. Its great merits were the ability to store 
a whole charge in the minimum floor space behind the 
furnace, and to replace a row of empty pans by a row of 
full pans in a few seconds without interrupting the 
charger. These were two features in which the stage 
railway system was particularly faulty, especially in its 
extravagant use of floor space. He would ask Mr. 
Frankau to illustrate and explain this proposal in more 
detail than was given in the paper. 

Mr. Frankau said that, as Mr. Diamond had just 
pointed out, the fundamental advantage of a machine of 
this type was its ability to store pans on a limited floor 
area and yet have them available for the charging 
machine. The actual machine shown in Fig. A had 
been drawn with five trays, each capable of carrying 
five pans. It thus gave readily available storage for 
25 pans in a total stage length of 19 ft. 

The tray of pans that was available for loading by the 
magnet would probably be 4 or 5 ft. higher than the 
normal bench height. but this would depend on the 
whole positioning of the machine in relation to the level 





HSS SSA 








Fig. A—Perspective view of suggested bench loading machine 
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of the stage. This increase in height should not present 
any difficulty, and there would be the additional advan- 
tage that the tray would be further out into the scrap bay, 
that is, the magnet and charger did not need to overlap. 

The trays were kept horizontal by means of the simple 
mechanism shown, which consisted of a short crank 
from the swivel pin of each tray whose direction was 
located with reference to an auxiliary ring which was 
constrained. This type of mechanism was well known 
and was widely used in the cable-making industry. 

As could be seen, the whole machine could be made as 
robust as the strength of its foundations permitted, and 
could certainly be as strong as any bogie used in a stage 

railway system. The mechanism could also be totally 
enclosed to prevent scrap from becoming entangled in it 
and as it was not required to rotate at any great speed it 
could be driven by a motor of small horse-power. The 
scheme included a sloping surface beneath the machine 
and a trough on the magnet crane side into which falling 
scrap would slide for scavenging. 

Mr. Thring introduced the second paper. 

Dr. A. H. Leckie (British Iron and Steel Research 
Association), in opening the joint discussion, said : Most 
people have been saying that furnaces should be charged 
as quickly as possible and that the best way of doing 
this is to use a stage railway system and non-rotating 
chargers. At first I thought my colleagues in B.I.S.R.A. 
very rash in challenging this view, but twelve years ago 
Mr. Gibson, of Glengarnock, in a contribution to the 
Steelmaking Symposium,* said that it was possible to 
charge too quickly, and since then I have heard this 
statement repeated in the industry, so that the authors 
are likely to obtain some support from the practical men. 

I should like to discuss the possible reasons for the 
widespread opinion that materials should be charged into 
the furnace as quickly as possible. One reason is a 
purely statistical one. All sorts of things associated 
with open-hearth operation can be plotted with a 
variable degree of profit, but one plot which always 
gives an excellent and obvious correlation is the total 
time, or else the melting time, against the charging time. 
This needs very careful thought. The slope of the good 
straight line usually obtained may vary quite widely, 
from about 0-75 for a slow furnace to 1-55 (which is the 
highest that we have so far worked out) for a fast furnace. 
Sir Andrew McCance, in his Presidential Address,t 
quoted 1-45 for Glengarnock, which is a very reasonable 
slope for fast furnaces such as they have there. 

The fact that the slope of this line is often greater 
than 1 is an indication that the charging time in all 
these correlations is not an exclusive independent 
variable, and therefore any use of this correlation 
between production rate and charging time as an 
argument for faster charging demands careful thought. 
What is happening is that a fast working furnace is 
allowing itself to be charged fast, and the governing 
factor in many furnaces today is still the rate at which 
the furnace can melt, and not the charging rate. This 
is what Mr. Diamond has observed when he has seen 
chargers waiting for the furnace to melt down and 
provide more room for a further charge. 

Nevertheless, I am in entire agreement with the view 
that in new and well-designed shops the limiting factor is 
the speed at which the furnace can be charged. Argument 
to the contrary is based on the fact that so many of the 
data used in furnace studies are inevitably obtained from 
furnaces the hearth area of which is inadequate for their 





* The Iron and Steel Institute. 1938, Special Report 
No. 22, p. 477. 
+ Journal of The Tron and Steel Institute, 1948, vol. 159, 
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capacity, and which, with light or bulky scrap, are soon 
filled to saturation point, so that the charger has to 
wait. Are Mr. Diamond and Mr. Frankau quite sure 
that their conclusions would apply to large furnaces 
with hearth areas of the order of 6 sq. ft./ton ? 

I should like to support them, however, in saying that 
it seems a little unfair to condemn bench charging 
systems on the score of their inability to handle materials 
for some of the existing shops. In a great many shops 
the production has been increased by 75% or more for 
the same number of furnaces since the shop was built, 
and they have to handle 75% more material than they 
were originally designed to deal with. 

Have the authors, in their studies of charging, given 
due weight to the human factor 2? In model or chart 
work, chargers are driven at a set speed, but is it possible 
to guarantee the same consistency of performance on the 
part of the charger drivers ? 

Mr. Diamond’s chart system and his railway experience 
should be most helpful in dealing with steelworks traffic 
problems, but I am rather alarmed at his suggestion of 
installing public-eddress systems on noisy melting 
stages. To be clearly audible a real Stentor would be 
needed. Would such a system be feasible ? 

I cannot leave the paper without referring to the 
really clever device for improving the rate of serving 
rotating chargers. Mr. Frankau has given us a little 
more information about it, but I hope that the modest 
way in which this device is referred to in the paper will 
not lead to its being overlooked by works engineers. 
Bits of scrap may occasionally fall into its interior, 
but the difficulty should be little greater than that 
arising when scrap falls all over a stage railway, some- 
times leading to derailments on the stage railway system, 

The crux of the argument in Mr. Thring’s paper is, 
I think, that what is gained in charging time through 
continuing to charge after the furnace temperature has 
started to drop is liable to be lost in subsequent melting 
time owing to the cooler roof and regenerators and a 
general slowing up of the furnace; but I feel that 
Mr. Thring tends to underestimate the effect of convec- 
tion in his caleulations. Theoretically, convection is very 
small, but this is one case where I do not trust the 
theory, and I think that more experimental work is 
necessary. Perhaps, in his model work, he will be able 
to see whether the heat-transfer coefficient for hot gas 
passing over piled-up scrap is higher than the figures 
given for heat transfer with hot gas flowing in a parallel 
stream over a solid. It may be that piling up the scrap 
to a certain extent, though it cools the furnace slightly, 
brings compensation in improved convection, in spite of 
the fourth-power law which makes a drop in temperature 
so disastrous to the radiation heat transfer. 

Mr. Thring refers to a new sort of melting furnace in 
which the melted material is allowed to run into a well 
so as to keep clear of the unmelted material. The 
logical end to this idea is a gas-fired cupola, or even an 
ordinary cupola. Is not this the real answer ? 

Finally I should like to ask the advocates of the 
fastest possible charging, what is their recommendation 
in the case of all-basic furnaces, which are especially 
sensitive to cooling of the structure ? 

Mr. H. C. Wood (The Wellman Smith Owen Engin- 
eering Corporation, Ltd.) : The comparison made by 
the authors of the two basic methods of charging open- 
hearth furnaces, namely, stage methods and bench 
methods, is of considerable interest and confirms that 
even today the quantity of scrap metal charged per 
box is remarkably low. R. L. Knight} stated that at 
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Port Kembla the average weight of scrap handled by 
machines of 5 tons carrying capacity rarely amounted to 
more than 1 ton. However, only 13 to 16% of the 
charge was cold metal. It seems, therefore, that there 
is a definite call for charging boxes of greater carrying 
capacity, but that their use is limited largely by the 
dimensions of the furnace doors. However, in place of 
the charging boxes of 30 to 40 cu. ft. capacity generally 
employed in Britain, we can reckon on getting only about 
2 tons of light scrap into a box of, say, 70 cu. ft. capacity, 
and this represents the maximum size of box which can 
be conveniently handled by large-capacity machines 
charging big furnaces. 

In the case of stage charging, this leads to the question 
of placing the boxes on the stage in readiness to be picked 
up by the chargers. The authors’ proposal to employ 
rotary-type box lifters is very interesting, but it seems 
that the difficulty of bringing the charging boxes to the 
stage quickly enough and of removing the empties 
might be surmounted by the use of box-lifting cranes of 
greater power and speed. At present their capacity is 
usually limited to 15 to 20 tons, and this might well be 
increased to 30 and even 40 tons, enabling such cranes 
to raise not less than five large boxes at a time. The 
cranes should be equipped with magnet hoists, indepen- 
dent of the box-lifting tray hoists, and these should be 
given a lifting speed of not less than 2 or 3 times that of 
the box-lifting hoisting gear in order to achieve a high 
speed of movement of the scrap metal. It would seem 
that with a rotary box lifter, difficulty would be experi- 
enced in filling the boxes, when standing in the lifter, 
sufficiently quickly, and spillage might cause trouble. 
Better results might be obtained by filling the boxes at 
ground level and placing them on the lift by the overhead 
crane. 

With reference to the possible use of other means of 
charging open-hearth furnaces, the Wellman Engin- 
eering Company of Cleveland, Ohio, have prepared the 
designs of what might be termed a broadside pan charger, 
capable of placing a heavy charge of cold metal in the 
furnace in one operation.* This necessitates designing 
the furnace in such a way that its front wall carries a 
continuous line of doors capable of being raised simul- 
taneously. The principle involved is the employment 
of pans of considerable dimensions which would be 
filled at a convenient point and then placed on a special 
type of charging machine. When the latter is opposite 
the furnace to be charged, the whole line of front doors 
would be raised. The cradle of the machine and the 
loaded pan are then run the full distance into the 
furnace. Retraction is commenced at once and the pan 
floor is caused to roll underneath the pan frame, thus 
depositing the charge uniformly over the furnace hearth. 
The rear wall of the pan remains stationary during this 
operation, and after the entire charge has been deposited 
on the hearth in a layer of approximately uniform thick- 
ness, and whilst the platform and cradle are being 
retracted, the pan floor is rolled back on to the upper 
side of the pan frame. 

It would be necessary to provide for the loading of 
the pans at a convenient point in the scrapyard and for 
their movement to the furnaces. Cranes similar to 
those employed for handling hot-metal ladles could be 
utilized for raising the pans and placing them on the 
charger. In the case of hot-metal shops, the complete 
scrap metal charge would be dealt with in one operation. 
With all-cold working furnaces, two or more pan charges 





* J. H. Kincaid, National Open-Hearth Committee. 
Southern Ohio Section, Columbus, Oct. 31, 1947: 
American Institute of Mining and Metallurgical Engin- 
eers. Steel, 1947, vol. 121, Nov. 10, pp. 126 and 128 
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would be required. Box chargers of light capacity, if 


available, might be used for charging any additions 
required as the smelting process proceeds. Some 
difficulty may arise in carrying the pan charger on an 


existing furnace platform owing to the arrangement of 
rails necessary to bring the machine close to the front of 


the furnaces, but that difficulty should not be insuperable. 
The principal point to be considered would be re- 
designing furnaces more or less to suit the machine. 

Ir. J. E. de Graaf (Koninklijke Nederlandsche Hoogo- 
vens en Staalfabricken, N.V., Holland): Mr. Thring’s 
paper is very timely because steelmakers everywhere are 
trying to speed up production, and charging of the open- 
hearth furnace is therefore an important item in research 
programmes. A theoretical treatment of the problem is 
useful, even if a complete theory cannot be given, 
because theoretical guidance in the experimental work is 
highly desirable. 

It would seem, in such a theoretical investigation, 
that the heat transfer by convection should not be 
neglected in favour of radiative transfer. The scrap 
that is touched by the flame in an open-hearth furnace 
and perhaps especially in an oil-fired furnace—melts 
very much faster than identical scrap that is very near 
the flame but not touched by it. The fact that a roof 
can be burnt during charging when the flame is deflected 
on to it by the scrap emphasizes the importance of 
convective transfer. The rédle of convection explains, 
in our opinion, why Mr. Thring’s third ideal—thin scrap 
in layers that melt successively—is not at all ideal in 
practice. Such scrap is heated very quickly and then 
collapses under its own weight. Thus very smooth heaps 
of scrap are formed which melt slowly, because of slow 
heat absorption. We think that this is due in part to 
reduced convective transfer, and in part to reduced 
radiation-absorbing surface. Instead of charging light 
scrap underneath heavy scrap we therefore prefer to 
charge a light layer of light scrap on top of a layer of 
heavy scrap, because the heavy scrap retains its form 
sufficiently long to keep convective transfer high, thus 
melting the light scrap very quickly and the heavy scrap 
only a little more slowly. In the case of radiative 
transfer alone, the time to fully melted may be unaffected 
by charging in batches, waiting after each batch until 
the bath is flat, as in the wax-melting experiments. In 
the open-hearth such a method of charging definitely 
increases the time to fully melted because when the 
height and openness of the heap of scrap decreases, the 
convective transfer is strongly decreased. This would 
happen after each batch, when we would wait until the 
bath was flat, and the average heat absorption would 


be far less than with the more continuous method of 


charging. 

Even conductive transfer is not entirely to be neg- 
lected, as is shown by the influence of the bottom 
temperature on the time to fully melted. When 
charging commences on a fairly cold bottom, as im- 
mediately after repair, the time to fully melted is some- 
what longer than when the bottom has first been heated 
again. Including this time of heating-up, a small net 
gain results from heating a bottom, even after slight 
repairs. With scrap, the heat of fusion (65 kg.cal./kg.) 
is small compared with the heat necessary to bring the 
scrap to the melting temperature (about 250 kg.cal./kg.) ; 
in the case of paraffin wax it is the other way round 
(about 35 and 20 kg.cal./kg. respectively). These 
figures show that it is necessary to be very careful when 
drawing conclusions from the wax-melting experiments 
in which, e.g., little liquid wax will have solidified.on the 
solid wax on the bottom, although liquefied scrap 
certainly solidifies at first on the bottom. 

If convective transfer is as important as we think, it 
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follows that the roof temperature is less important than 
in the case of radiation alone. It would then follow 
that a requirement for optimum rate of melting is not 
that the roof temperature remains near the safe limit 
with the given heat input, but that there is an optimum 
decrease in roof temperature for this input. This 
actually is what experience indicates. When the charging 
rate is increased, the charging time decreases. The 


time to fully melted also decreases, but by about half 


as much as the charging time. When a certain charging 
rate is exceeded, the charging time remains practically 
constant or increases owing to more or less frequent 
interruptions in the charging because melting is slowed 
down. For a given flame this optimum rate of charging 
corresponds to an optimum decrease in roof temperature. 
This optimum rate of charging was found to increase 
with improved burner construction and also with 
improved furnace construction (e.g., increased air 
preheat or furnace size). The optimum rates of charging 
the scrap with an all-cold charge with rather light scrap, 
for various furnaces, were found to be as follows : 


Optimum 
Charging Rate, 


Furnace tons/hr. 
$5-ton (old design) am ads ane 20 
85-ton (new design) ve oie ‘aie 25 
150-ton (new design) seg ae Ber 30 


We have little information on the time when the 
bath is flat, as our statistical work was confined mostly 
to charging times and times to fully melted. We 
prefer to obtain information on the factors of melting 
time from statistical analyses of actual steelworks data, 
rather than from model experiments in which the 
required ratio of convective to radiative transfer is 
difficult to obtain. 

The following approximate values were obtained for 
the partial differential quotients in experiments where 
the weight of the charge (Z tons) and the weight per 
unit volume of scrap (g tons per 3 charging pans) were 
varied : 


(7) 0-05 (i) 0-007 
oL g oL gy 


(7) = Sse (7) 0:5 
ob] L et} Lg 
(*") : 3-4 ("") 0-34 
OG] L O97 L 
() 0.05 i) 0-05 
oli} yg cL g 
(Ft) ee 
ct; Lg 
where ¢, charging time 
ths time from start charging to fully melted 
i. tig t,, and 
t time from start charging to flat bath 


These data apply to oil-fired open-hearth furnaces of 
85 tons tapping capacity and an all-cold charge, with the 
following average times (hours) : 
d, 1st, 5-5; t;, 72h; ¢, 3-0 

In the determination of ¢, the time was taken to the 
point when the highest heap of scrap was 25 cm. above 
the surface of the bath. The average of g is 2-4 tons. 
The figures were determined by Ir. van Stein Callenfels 
and his co-workers, who also found : 


aC; i!) 
—- — ()-10¢ ~ me <n Be 
(a) Wand (7 ! 


where C; is the carbon content at fully melted, and ¢, 
is the refining time (from fully melted to tap. average 
1-6 hr.). In every case the amount of fuel oil was kept 
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constant. Only in the final stages of refining was the 
oil supply throttled so as to strike between the required 
limits for the bath temperature. 

From the data given, other correlations can be deter- 
mined, e.g. 


ty, - (3) dL. (7) dL (3) (7) aL. 
oL g cL y eh] g \eL/y 


= 0-0595 dL 


or (for P 


“__ the production rate of about 
tis ty, 


tons/hr. of liquid steel) : 


l FP ot; 
iP 1. ee 5 
aP = 7 al - (at. Fit dts, ) 
0-05 dL 


It is interesting to compare the influences of Z and 
g on t, and ¢, and, for instance, to see how far the caution 
mentioned in the paper is justified that the time to 
fully melted should be investigated and that the charging 
time itself can be misleading. The influences on ¢, 
can be seen from the partial quotients directly, but the 
influences on ¢, are composed of direct influences on ¢, 
and of influences caused by the interaction between 
t, and ¢,. The charging time ¢, is increased markedly 
by an increase in charge weight, but the direct influence 
on ¢, is only small. The interpretation seems to be that 
after some hours of charging at a constant rate, the 
furnace has assumed constant temperatures so that the 
only direct influence on ¢, which remains is the increased 
bath depth. This depth increases only slightly per 
extra ton of steel, and moreover this influence makes 
itself felt only when the bath is substantially flat. The 
interaction term is the smallest of all, presumably 
because the heat absorbed per ton of steel during the 
charging time remains very nearly constant. The 
influence of the weight of scrap per unit volume on ¢, 
is strong and negative, 7.e., the charging time becomes 
longer when the scrap becomes more bulky. This is 
not due to any lack of capacity of the charging machine, 
but only to lack of heat absorption by light scrap. The 
direct influence of g on ¢, is small and positive, presum- 
ably because the form of the scrap to be melted under 
the surface of the bath has little influence on the rate 
of melting and because the increase in charging time 
with bulky scrap increases slightly the heat absorbed 
by the scrap on the bottom which will later on be 
submerged in the liquid. The interaction term in this 


Cts ct, 
(a), a), 
is now fairly large and positive, which means that lighter 
scrap through this interaction decreases ¢,. This would 
seem to be due to higher temperatures of the furnace 
as caused by the decreased heat absorption during 
charging. Thus an increase in charging time caused by 
larger weight of the charge increases also ¢,, and an 
increase in charging time caused by bulkier scrap 
decreases ¢t,. The interaction terms and the direct 
influences on ¢t, are such, however, that an increase in 
t,, be it caused by L or g, always causes an increase 
in t,,, the time to fully melted. Therefore, in both 
cases the charging time could have been used to judge 
the influences of increased charge or lighter scrap. Of 
course, this is true only within the ranges of LZ and g 
investigated. If ingots only were charged, ¢, would 
have been reduced strongly perhaps, but ¢, would 
increase tremendously. In the case of a reduction of the 
charging time (when this is still above the optimum 
charging time) with Z and g constant, both ¢, and 4, 


case, 7.€.: 
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are also reduced, but ¢, is increased by about half the 
amount that ¢, is decreased. The decrease of ty, is 
thus only half the decrease of the charging time, and 
the decrease of ¢, is not quite half that of t,. This 
difference between t¢,, and ¢, would seem to be due to 
the fact that a reduced charging time of course leaves 
the furnace colder at the end of charging, but that 
temperature is being regained in the last stages of 
melting of submerged scrap. It will thus be concluded 
that, although it is cautious not to rely on the charging 
time as a criterion for improvements in charging the 
furnace, in many cases that will be met in practice the 
variations of charging time and of time to fully melted 
have the same sign, and that for good physical reasons. 

Mr. R. W. Evans (Steel Company of Wales, Ltd.) : 
I propose to devote my remarks chiefly to the paper by 
Mr. Diamond and Mr. Frankau. I do not think it can 
be denied that there is considerable controversy between 
the protagonists of the two methods of charging an 
open-hearth furnace. At the moment there are only 
two alternatives: the bench system with slewing 
chargers, or the stage railway system with fixed, non- 
swinging chargers. 

Historically, in Europe, up to the end of the last war, 
comparatively small open-hearth furnaces used the 
slewing charger almost exclusively. In U.S.A. much 
larger furnaces were charged wholly by stage railways 
and fixed chargers. No slewing chargers are now used 
in U.S.A. 

The crux of the whole matter seems to be this. It is 
admitted that a non-slewing charger will put boxes into 
the furnace faster than a slewing charger ; the slewing 
charger loses time because it has to slew, by reason of 
the boxes being on the bench behind. There are shops 
in Britain where undoubtedly the slewing charger will 
give adequate charger capacity, but where it is necessary 
to charge furnaces quickly it appears natural to install a 
fixed charger and to design the scrap filling and transport 
components of the system to keep such a> charging 
machine supplied. 

American shop design and operation show this to be 
eminently possible, and we have devoted our attention 
to producing a system which we think will give this 
service. The very large holding capacity of the modern 
furnace, coupled with high melting rate, results in the 
possibility of almost continuous charging, and it should 
be our aim to approach as nearly as possible to this ideal. 
We believe that the fixed charger also will handle the 
larger charging box and its greater gross weight more 
successfully. 

Another factor which we must consider is the possi- 
bility of a breakdown in the magnet loading crane. 
With the bench system, owing to the inability to stock 
filler boxes on the benches, a magnet-loading or box- 
lifter breakdown makes its presence felt very soon, 
while in the stage railway system a reserve of boxes is 
in hand, and only when there is excessive delay will a 
difficulty occur. 

Dr. T. P. Colelough (British Iron and Steel Federation): 
As far as the machine proposed by Mr. Diamond and 
Mr. Frankau is concerned, there is no doubt that by a 
revolving wheel with five platforms and five pans on 
each platform more scrap can be stored per square foot 
of floor area, but this will limit the points of transfer of 
scrap from the scrap bay to the melting platform, and 
the magnet cranes must concentrate on depositing scrap 
into those five pans which are at a fixed point. I feel 
certain that if one studies the difference between that 
system and the system installed at Glengarnock, with 
five lines of railway able to feed at any point on the 
whole length of the bench, one will reconsider the merits 
of the idea. 
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In general, I believe that there is no one answer to 
this question of charging. In shops where there is a 
limited amount of scrap to charge, the bench system 
and revolving charger are adequate, but for heavy 
proportions of scrap it is necessary, as Mr. Evans rightly 
said, to consider the American procedure. 

We have two problems here, the question of time and 
transferring the material, and the question of cost. 
One of the important points indicated in the paper is 
the expense incurred in laying out storage yards and 
moving the bogies, but the authors give no cost 
figures ; it would be valuable if those essential data were 
supplied. 

The last point that I wish to raise concerns the wisdom 
of spending so much money and time in handling 
extremely light material. After all, if scrap boxes 
contained three tons each, the problem of charging the 
furnace would be relatively easy. The mechanical 
engineering section of B.I.S.R.A. might devote some 
attention to ways and means whereby the light hetero- 
geneous scrap which must be used could be made into a 
more suitable form for handling into the furnace. That 
would mean an expenditure of money, but we must 
know the cost of the different ways of doing these things 
in order to determine which is the best. 

Special attention might be given to scrap presses. In 
1942 we were inundated with extremely large quantities 
of light turnings of all sorts and kinds. The average 
scrap weight in boxes in some works fell to as low as 
6 or 8 ewt., and production of steel was lost owing to the 
difficulty of handling these materials. The problem 
was tackled by turning that scrap into a more useful 
form, not by altering the arrangements in the melting 
shops. By installing some two hundred turning chippers., 
that material, which was a drug on the market and the 
dread of the steelmaker, became what the steelmaker 
most highly desired, because he could use this very 
good melting material to fill up the crevices between the 
ordinary scrap in the pans, and so get a very high weight 
per box. 

In an experiment at one of the scrap yards in 
Birmingham, a box was filled with some of this very 
light material direct from the crane; it held about 
8 ewt. The same material was then put through a 
cutting machine and the box was again filled; the 
weight was now over 3 tons. 

If by some economic method heterogeneous light 
scrap can be converted into a close-packing form, the 
relative merits of bench charging and stage railways may 
require further study. 

Mr. §. Weir (John Summers and Ltd.) : 
Mr. Thring has abstracted one system from the intricate 
and interacting medley of systems which we encounter 
in melting, and has drawn deductions on how to charge 
a Siemens furnace efficiently, but has not then tested 
these empirically in an open-hearth furnace. All the 
materials charged have widely different heat properties. 
they stimulate heat convection currents differently, and 
behave differently, both thermally and _ chemically. 
according to the quantities charged and their relative 
positions in the furnace. We think, in agreement with 
Mr. Thring, that the variations of these factors affect 
the whole course of the charge, and we cannot, therefore, 
accept Mr. Thring’s approach to this problem. 

Of the three possible approaches which Mr. Thring 
lists, we accept the first, the Siemens furnace itself, 
which Mr. Thring discards. My firm has, during the 
last two years, been building up a technique on a par- 
ticular furnace where the variations that I have named 
are being greatly reduced, in order to study, under 
constant practice, the effect on steel quality and rate of 
production of altering one or two factors at a time. 


Sons, 
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Mr. Thring is familiar with this furnace and with the 
very carefully recorded and analysed results. 

Does Mr. Thring think, from his work on a homo- 
geneous and _ precise-melting-point substance, which 
undergoes no chemical action within itself or with the 
atmosphere on melting, and with a constant source of 
radiant heat, that he is entitled to draw conclusions 
about the time and sequence of charging a Siemens 
furnace with the heterogeneous mixture that we handle? 
Is he entitled to ignore such important factors as speed 
of liquefaction of the charge, as distinct from the rate of 
rise of temperature, rate of oxygen absorption, relative 
quantities comprising the charge, and available com- 
bustion space between the top of the charge and the 
furnace roof? I have mentioned only a few such 
factors. 

Mr. W. A. Johnson (The United Steel Companies, 


Ltd.): The question of optimum charging rates is of 


quite secondary importance, because it is broadly true 
to say that there is a big and important gap between 
charging times as commonly practised and the maximum 
rate at which the charge could be put in with advantage. 
In particular cases there is a gap of at least 14 hr. which 
could profitably be covered by faster charging. 

I do not think that the desired object is to be achieved 
merely by ‘pepping up’ any of the present charging 
methods. We are moving very small amounts of 
material, of the order of 1 ton, including the weight of 
the pan, with machinery weighing 20 to 30 tons—a very 
inefficient operation. Leaving out the pig-iron element 
of the charge, or bundled light scrap, the average weight 
of material put into particular furnaces at each of 
10,000 inoculations was about 12 ewt.; having regard 
to the size of the pans, the mean bulk density of such 
material would be less than one-tenth of solid material. 

Dr. Coleclough asks what is the maximum general 
bulk density which scrap might possess with advantage. 
One might glean a sort of answer from tests made on the 
bundling of light scrap. It was found that bundles 
weighing about 120 lb./cu. ft. responded best ; if much 
lighter they were fragile and if much denser they were 
slow in melting. 

These facts lead to the consideration of bigger doors, 
bigger boxes, cupola melting, and so on, but I agree with 
Dr. Colelough that not sufficient attention has been 
given to the question of the proper preparation of scrap, 
and particularly of the so-called bought heavy merchant 
scrap. In my judgment, the easiest solution in the 
future will be found in better scrap preparation, whereby 
the 12-ewt. lift to which I have referred (or 45 Ib./cu. ft. 
bulk density) will be increased to 1 ton per pan, increasing 
the bulk density to nearly one-sixth of solid material, 
which we know to be a reasonable figure. Incidentally, 
the overall efficiency of the movement of that material 
is thereby increased by 50%. 


CORRESPONDENCE 


Mr. G. A. V. Russell (Messrs. Dorman, Long and Co., 
Ltd., Middlesbrough) wrote: I believe that the general 
conclusions reached as to the relative merits of what 
Mr. Diamond and Mr. Frankau term the stage railway 
system and the bench system, would be accepted by 
those who have had operating experience of both. 
Until recently I favoured the stage railway system as the 
best compromise, but further experience with other 
layouts, together with consideration of the implications 
in the full development of the stage system in capital 
outlay and operation, as exemplified in the particularly 
complete example of it now being incorporated into the 
Abbey Works melting shop, has caused me to modify 
my opinion. 
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Where a shop is designed to operate on high hot- 
metal percentages with little outside scrap, the stage 
system has advantages, but where, as is more usually 
the case, some 15-30% of outside scrap is used, the 
shunting entailed on the stage is a drawback. There is 
no doubt that the charging of the lighter type of bought 
scrap is the crux of the charging problem, since any 
reasonable layout can charge mill scrap at, at least, the 
optimum rate for good melting-down in fast-working 
furnaces. Consequently, rather than accept the low 
pan weight associated with this type of material, serious 
efforts should be directed towards increasing this by the 
provision of pans of the largest possible capacity and 
more particularly, by better preparation. In a new 
plant there is no reason why pans of between 40 and 
50 cu. ft. should not be used. These, of themselves, 
will ensure better filling than is possible with smaller 
units of 25-30 cu. ft. capacity. Beyond and above this, 
however, it should be possible by fairly simple treatment 
to prepare such material so that it will pack to about 
the same density as the lighter types of mill scrap. To 
achieve this there would appear to be two main possi- 
bilities. One is bundling, which is well known and 
already practised to a certain extent, and is undoubtedly 
suitable for such types of scrap as are derived from sheet 
and strip. A good bundling press outfit could easily be 
designed to process between 1200 and 2000 tons of large 
size bundles per week. 

Other bought scrap of more miscellaneous character, 
containing pieces too stiff to be bundled, should, in my 
view, be treated by a process akin to making mincemeat. 
The contents of the scrap wagons would be off-loaded on 
to a wide, slow-moving conveyor to carry them to a pair 
of hydraulically loaded rolls capable of flattening any 
hollow or angular pieces as they passed through. The 
flattened material would be fed to a continuously 
moving vertical shear, adjusted to cross-cut the flattened 
pieces into lengths of, say, 9 in., which would be de- 
livered either directly into charging pans, or preferably 
into high-capacity transfer wagons, for delivery to the 
steelplant. The crushing unit could be readily built up 
from a pair of old cogging or plate mill roll housings 
mounting worn plate rolls. The top roll would be 
loaded hydraulically to, say, 1000 tons, and a constant- 
pressure top-roll lifting gear would be incorporated to 
permit of lifting the top roll to enable an extra high 
piece of material to be gripped. 

With the foregoing preparatory plant, bought scrap 
could be charged at a reasonable rate with comparatively 
few pan loads. 

Another factor which swayed me in favour of the stage 
railway system was a belief in the difficulty of designing 
low-ground revolving chargers capable of standing up 
as well as the modern American non-revolving machine 
to the severe duty entailed by speedy charging in a busy 
shop. (Overhead revolving machines do not come 
seriously into question in hot-metal shops unless the 
hot-metal cranes are arranged on an upper runway, as at 
Ho6ntrop.* an expensive and unsatisfactory expedient.) 
I am now certain that first-class chargers of this type 
can be built, especially for a new shop where appropriate 
clearances can he provided. The revolving machine has 
an important advantage in being able to distribute the 
charge better in the furnace. 

On the basis of these considerations I have roughed 
out a simple melting-shop layout which should enable 
efficient furnaces to be charged as rapidly as is necessary 
to obtain their full productive capacity (see Fig. B). 
It is designed for an output of 18,000—20,000 tons of 





* H.C. Wood. Journal of The Tron and Steel Institute, 
1930, No. II, p. 123. 
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Fig. B—Typical cross-section of proposed melting shop for 18,000—20,000 tons/week. Preliminary study 


ingots per week, with continuous working, using a 
40-50% scrap charge. There would be eight 250-ton 
fixed furnaces, preferably either oil or coke-oven gas and 
tar fired. Hot metal would be supplied by two 800-ton 
storage mixers at either end, filled by the pit cranes and 
pouring towards the stage side into 75-ton transfer 
ladles. Alternatively, if large-capacity mixer-type ladles 
were used for the hot metal these could fill transfer 
ladles directly, and accommodation for their reception 
at each end of the charging bay would be made. 

The requisite charge, oxide, and flux would be unloaded 
at one end of the stage bay into portable hoppers of 
50-60 tons capacity, as first used at Cardiff,* placed by 
hot-metal cranes on stands between the furnaces. 

Behind the stage bay would be a marshalling bay 
having a continuous bench for the charging pans and 
three railroad tracks at such a level that the top of the 
scrap wagons would be about level with that of the pans. 
Two roads would be standing roads and one a shunting 
road. With the furnaces pitched at about 110-ft. 
centres, plenty of room would be available for standing 
mill and processed bought scrap required for the charges. 
The long clear pan bench spaces would allow at least 
60% of the scrap seer - be prepared in advance so 
that charging times of 2-2-5 could be easily achieved. 
This method of scrap ome is a feature of three 
successful Scottish plants.t In my opinion this is a 
decidedly better arrangement for direct filling of pans 
than the more usual scrap yard with tracks at ground 
level. Feed lime would be the only material brought up 
in pans. 

The space underneath the marshalling bay stage 
conveniently houses furnace valve gear, waste-heat 
boilers, brick stores, etc., and enables a rubbish and 
brick road to be conveniently sited at a reasonable 
distance behind the checkers to allow using mechanical 
methods of loading checker debris and delivering bricks 
from wagon to furnace or stock or from stock to furnace. 

In addition to the marshalling bay, there would be a 
scrap preparation bay and a lime, * basic,’ and spar 
handling plant in some convenient locality. The former 
would house the scrap-processing equipment, together 





* J. A. Davies, The Iron and Steel Institute. 1938, 
Special Report No. 22, p. 297. 
+ See, for example. J. Gibson, Jbid., p. 23. 
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with a stock of different types of scrap. Any reserve 
stocks of scrap are, in my opinion, best held on open 
ground and handled by efficient, diesel-electric, travelling 
jib cranes. 

It is believed that such a layout would make for 
minimum operating costs and a relatively low capital 
outlay, an important factor today, when construction 
costs are so high. 


Mr. A. Robinson (Appleby-Frodingham Steel Com- 
pany, Scunthorpe, Lines.) wrote : The speed of charging 


a steel furnace depends upon: (1) The melting rate of 


the furnace ; (2) availability of materials ; (3) the type 
of materials charged—this usually depends on the 
quality of the scrap ; and (4) the speed of the charging 
machine. 

Melting Rate—A furnace cannot be charged any more 
quickly than the rate at which it will melt the scrap, 
except for the first charge. Too much charged at once, 
or followed up too quickly, chills the hearth and causes 
melting down into a solid mass, the bottom of which is 
cold, the result being difficulty in melting this again 
from the top. 

The furnace hearth must be hot before charging, and 
the first charge of scrap must be well heated through 
before further cold and chilling material is added ; this 
is best added in smaller quantities than the first charge 
and therefore at a slower overall rate. 

Availability of Material—A fast-melting furnace and 
a fast charger are useless if the supply of materials cannot 
keep pace with them or if there are delays whilst the 
materials are being put into position for charging. The 
loading of materials in a separate shop, away from the 
furnaces, and shunting by locomotive power, have 
several disadvantages, as follows : 


(1) Loading is not under the control of the melting- 
shop personne! 

(2) Delays are unavoidable in bringing the bogies 
to the shop and in shunting inside the shop. The 
bogies have to be placed in front of other furnaces 
and there is difficulty in taking materials to a repairing 
furnace 

(3) The charging machine must be stopped while 
shunting is taking place 

(4) Almost superhuman control must be exercised 
in a large shop to keep delays at a minimum 
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Melting-Shop 
Operation 


Ist Method 


The wagons are unloaded in a bay 

at stage level, behind the working 

stage, into boxes on stands be- 

tween the furnaces and this bay 

and are charged by a rotary 
charger 


2nd Method 


The wagons are unloaded in a sep- 
arate building into boxes on bogies 
which are shunted into a marshal- 
ling bay at stage level and then 
shunted in front of the furnaces and 
are charged by a fixed charger 


3rd Method 


The wagons are unloaded in a 
bay at ground level, behind the 
working stage, into boxes on 
trays which are lifted by over- 
head crane on to stands between 
the furnaces and this bay, and 
are charged by a rotary charger 





Buildings 


Loco work 


Boxes, etc. 
Charger 
Charger work 


Availability of 
materials 


Stockyard work 


Charges 


High-level loading bay 


Ramp to climb with good 
pay load in wagons ; wa- 
gon standage limited ; 
shunting stops work 


Few in number, box 
bogies required 

Rotating ; extra chargers 
required ? 

Short runs and slewing and 
charging 

Loading cannot keep up 
with fast charging ; char- 
ger waits or runs to other 
furnace stands with longer 
travel 


no 


Rushed and slack periods 


Only partially ready unless 
more than one set of 
stands is used, thus in- 
creasing running distance 
of chargers 


Expensive loading building, 
high-level marshalling bay 

Ramp to climb or high-level 
railroad ; box bogies poor 
pay load; three shunts 
minimum ; more_ locos 
required than with other 
methods 

Large in number, 
bogies required 

Fixed 


box 


Shunting, short runs and 
charging 

Fast charging for first set of 
boxes ; waiting for shunt 
or running to another fur- 
nace and shunting bogies 


Continuous into empty bogies 
ef boxes 

Ready in marshalling bay, 
but have to be shunted in 
front of furnace by loco, 
thus stopping the charger ; 
depends on loco work to 
bring materials from dis- 
tant loading shop 


Low-level loading bay 


Shunting on level; good 
pay load in wagons; one 
shunt 


Medium in number, box 
trays required 

Rotating ; extra chargers 
required ? 

Short runs, slewing and 
charging 

Fast charging with two 
chargers and trays of 
five boxes replaced with 
full ones as emptied and 
whilst charger is on 
second tray of boxes 

Continuous into empty 
trays of boxes 

Always ready in loading 
bay and can be lifted by 
overhead crane as 
quickly as chargers can 
deal with them 


Nil 





at furnace 
Charge in fur- Reasonably level 
nace 


Supervision Direct at melting shop 





Risk of derail- Nil Yes 
ments 
Spillage Heavy at stands, very light 


Light at marshalling bay, 
light to heavy at furnace 
In heaps at each door 


Difficult 


At stands light, at furnace 
very light 
Reasonably level 


Direct at melting shop 








(5) Extra locomotive power costs are involved for 
moving low net loads 
(6) A large number of boxes and bogies are required. 


On the other hand, a layout with the loading bay at 
the back of the charging stage, equipped with magnet 
cranes capable of lifting several boxes at once on to 
stands at the back of the stage, has several commendable 
points : 


(1) The supply of materials is directly visible to the 
melting-shop personnel 

(2) The only shunting involved is to the loading bay 
in wagons 

(3) The charging machine is not impeded 

(4) The operation is simple to control 

(5) Materials are delivered in truck loads 

(6) No bogies and fewer boxes are required 

(7) Loading can be continuous as boxes are emptied 
and locomotive power is not required for this. 
manpower is required 

(8) Loaded boxes can be stored ready for immediate 
use. without shunting, merely requiring to be lifted on 
to the stage stands. 


~—~— 


Less 


Materials Charged—The type of materials charged is 
common to both revolving and fixed chargers, and 
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depends upon the net weight that a locomotive has to 
move in the first method, and also on the quantity that 
the furnace will hold on its first charge and the time for 
charging this. 

Speed of the Charging Machine—The rigid push-in 
charger is undoubtedly the faster when charging, but 
this advantage is minimized by delays in shunting. 
The only time when this extra speed is necessary is 
for the first charge into an empty furnace charging 
light scrap, and this can be accomplished by using two 
revolving machines. With reasonably heavy scrap the 
revolving charger can charge as fast as any furnace can 
take materials after the first charge. 

With the rotating charger it is much easier for the 
operator to spread the charge out evenly in the furnace, 
instead of in * hills’ in front of the door and in * dales ’ 
between the doors, thus minimizing the danger of 
deflecting the gas on to the roof and into the linings. 

Layout—The writer would suggest that the best 
layout for a heavy scrap-charging melting shop should 
include the following : 

(1) A stockyard for scrap in which all wooden 
wagons are unloaded and reloaded into iron wagons 
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(2) A charge loading and assembling bay immedi- 
ately behind the charging stage equipped with magnet 
and stirrups (1 per 2 furnaces, + 1 in a large shop) 

(3) Iron wagons for the supply of all magnetable 
materials 

(4) The charges should be loaded on to boxes on 
trays containing five boxes on the floor and which 
can be lifted on to stands at the back of the charging 
stage 

(5) Serap and pig iron should be loaded by magnet, 
other materials from railway wagons by hand 

(6) Revolving chargers, ground type (1 per 2 fur- 
naces, + 1 in a large shop) 

(7) All molten iron should be picked up by overhead 
crane from below stage level. 


A summary of the advantages and disadvantages 
the three methods of charging is given in Table A. 


AUTHORS’ REPLIES 


Mr. E. L. Diamond wrote in reply: I agree with 
Dr. Colelough, Mr. Johnson, and Mr. Russell, that more 
scrap preparation by bundling and other methods will 
be essential to the attainment of greatly increased rates 
of charging, but the advantages to be obtained from 
this must always be limited so long as the scrap has to 


be conveyed in separate pans. Indeed, the cost of 


packing such small containers will increase at a much 
greater rate than the increase of bulk density obtained, 
and it appears to be open to question whether the 
economic limit has not already been reached in some 
plants. If, however, preparation were carried out to 
the extent envisaged by Mr. Russell, it would be possible, 
if certain principles are observed in regard to the shape 
of the flattened material and cut pieces, to produce a 
relatively free-flowing material which could be handled 
in bulk at many times the rate possible with pans and 
railway cars. Thus the economics of scrap preparation 
would be put on an entirely different footing, with much 
greater possibilities. 7 

It was to elucidate the principles of scrap preparation, 
from the point of view of the physical properties of the 
material prepared, that the further investigation to 
which I referred in presenting the paper, was undertaken. 
The results of this are now available in a B.I.S.R.A. 
report which it is expected will soon be published. 
I hope this work may stimulate such developments as 
are contemplated by Mr. Russell, by providing the 
necessary fundamental knowledge of the physical 
behaviour of scrap in large quantities. 

Dr. Leckie mentioned the human factor in the per- 
formance of charging machines, etc., and I welcome the 
opportunity to emphasize that the time studies, on which 
the performance figures used in the paper were based, 
were of sufficient duration (up to 12 hr. continuous 
working) to take this fully into account. For this reason 
the figures are considerably lower than estimates which 
are sometimes used for planning purposes. Failure to 
allow for the very considerable effect, for instance, of 
shift changing, on the overall rate of performances has 
undoubtedly led to much delay to which some existing 
plants are subject. 

Mr. A. M. Frankau wrote in reply: I think Dr. Col- 
clough has misunderstood the implications of the 
suggested bench loading mechanism. If this machine 
were to be used, a number of them down the complete 
length of the shop should take the place of the bench 
loading system. Thus the scrap from the scrap bay 
could still be transferred at any point and the advantage 
of a separate supply line to each furnace would be 
maintained. 

Mr. M. W. Thring replied : I should like to make two 


points about the usefulness of theories, which has been 
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of 


somewhat attacked. The first is that all the people in 
the steelworks make use of theories. This paper attempts 
to carry the use of theories of heat transfer from the 
qualitative stage of discussion to the quantitative stage 
of calculation. All theories depend on the separation 
of one important process from the many intermixed 
ones which occur in practice, and this paper gives some 
numerical results for the heat-transfer process which 
occurs in the open-hearth when separated from the 
chemical process. 

Secondly, I entirely agree that statistics applied to 
measurements of actual open-hearth casts are essential, 
but they are not enough by themselves. If you have not 
a theory or a picture in your mind, you can flounder in 
statistics for years without getting anywhere. I main- 
tain, therefore, that theories such as I have tried to 
present and = statistics must proceed — side-by-side, 
and unless both go forward, no great progress will be 
made. I agree that this paper is weak in that it does 
not cover the statistical side, but it is not intended to do 
so. It is intended to examine how far it is possible to go 
from theory. I agree that the immediate conclusions 
from it are that certain points need to be checked by a 
statistical examination of furnaces. 

The point that Dr. Leckie raised is a very good example 
of the difficulty with statistics. If the charging time 
and the time to melt are measured and there is found 
to be a correlation between them, two conclusions can 
be drawn : (1) That the flame was better, and therefore 
the furnace would both accept the charge quicker and 
melt it quicker, or (2) that, because the charging 
machine was more available, the charging was quicker 
and therefore the melting was quicker. Those two 
conclusions, although they both explain a positive corre- 
lation, lead in different directions and to different con- 
clusions as to what to do about it. That is why it is 
necessary to have a theory in order to interpret statis- 
tical results. 

I agree entirely that I have neglected convection in 
this case, but it does not upset the main argument. 
The main conclusion which is reached is that it is better 
to charge until the roof cools to a certain tempera- 
ture below its maximum, and what that figure is 
can be determined only by experiment on the actual 
furnace ; introducing convection into the theory would 
only change the predicted figure, not the need for 
observation. 

Dr. Leckie refers to radical modifications to melting 
furnaces. Such radical modifications do not come from 
statistics but only from theory, and the really big new 
improvements in steelmaking which we should like to 
see require theory to develop them. 

Ir. de Graaf raised the question of putting light scrap 
on top of heavy scrap. I think that is in accord with the 
results which I should have expected from the model. 
He mentioned the question of getting a good heat into 
the bottom before starting charging, and again one would 
expect that from the model, where the dish was heated 
before putting in the wax. 

The conclusion from the theory is that it shows how 
the roof-temperature indicator and the fuel flowmeter 
can be used to indicate when the flame is the bottleneck 
and when the charging machine is the bottleneck. The 
theory is mainly valuable in indicating how to interpret 
the results of those instruments. It also suggests a 
statistical examination with controlled variables ; an 
almost certain development of the future. In such a 
series of tests, instead of allowing everything to vary, 
certain casts are run with a chosen charging schedule 
and the effect of the charge is accurately found. I am 
very glad that Mr. Weir spoke, because I hope that this 
kind of experiment will be made at his works. 
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The Thermodynamic Background of Iron and 


Steel Making Processes 
I—THE BLAST-FURNACE 


By F. D. Richardson and J. H. E. Jeffes 


SYNOPSIS 
A survey is made of the thermodynamic data available for the main compounds of importance in iron- 
making. The free energy and heat changes of the most important reactions have been calculated up to 2000° C. 
and the manner in which they vary with temperature is shown by means of suitable diagrams on which the 
probable limits of accuracy are indicated. The results are discussed and are applied to the processes occurring 
in the blast-furnace, in terms of oxygen potential. The deductions concern the effects of temperature, pressure, 
and concentration, on the interlocking of many simultaneously occurring reactions. 


Introduction 
HE making of iron and the refining of steel are 


complex processes in which a large number of 


different reactions take part over a wide range 
of temperature. They are essentially high-tempera- 
ture processes, and thus occur under conditions where 
only abnormally high activation energies could 
restrict the rates of the true chemical changes taking 
place. In most cases, therefore, the speeds of these 
processes are dependent on the extent to which the 
reacting systems are out of equilibrium and the rates 
at which the participating molecules can come to- 
gether by diffusion and convection. Free-energy or 
equilibrium considerations are therefore even more 
useful than at low temperatures, and the extent to 
which the various reactions proceed, and the order 
in which they do so, are mainly dependent on their 
thermodynamics. 

For these processes diagrams setting out the 
thermodynamics so that they can be readily 
appreciated by eye, would make it possible to separate 
at a glance the important reactions and equilibria 
from the unimportant, and to estimate quantitatively 
how these change and interact as temperature, 
pressure, and concentration are altered. Such a 
diagram has already been presented for the formation 
of oxides and their reduction by carbon.*! In the 
present paper more extensive diagrams have been 
prepared which include other important compounds, 
and apply specially to the blast-furnace. The detailed 
data on which these diagrams are based, the equations 
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for the lines, and their accuracy gradings are given 
in the Appendix. 

The information collected consists entirely of the 
results of controlled laboratory experiments on 
supposedly pure compounds. It can be said, how- 
ever, that in cases where laboratory results on natural 
ores are available, these are in line with the more 
precise data for synthetic substances. For example, 
measurements by Bone, Saunders and others,?:* on 
the reduction of Barrow hematite and Spanish rubio 
ores, show that the limiting ratios of carbon monoxide 
to carbon dioxide in the reducing gases are about 
20-50%, higher than those quoted here for the 
corresponding pure iron oxides. This increase may 
reasonably be attributed to the 10-15% of impurities 
present. The data have been pieced together to 
form a consistent whole, which can reasonably serve 
as a basis for an understanding of the blast-furnace 
process. The approach has been almost entirely 
thermodynamic, but the deductions have been 
tempered by the recognition of limiting kinetic factors, 
arising from either low temperatures or spatial 
restrictions. It is in no way suggested that this paper 
provides a complete guide to the chemistry of the 
blast-furnace. The blast-furnace technologist may 





Paper CP/10/2 of the Chemistry Department (based 
on paper IM/B/40/48 of the Process Committee of the 
Iron Making Division) of the British Iron and Steel 
Research Association, received 6th April, 1949. 

Dr. Richardson and Mr. Jeffes are on the staff of the 
British Iron and Steel Research Association. 
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indeed say that few of the suggestions made are new 
and that the paper is an attempt by physical 
chemists to catch up with him. On the other hand, 
it brings a large amount of precise chemical know- 
ledge to bear directly, and in a reasonably quantitative 
manner, on the problems of the blast-furnace and 


provides a basis with which detailed explanations of 


particular phenomena must be compatible. 


CHEMICAL POTENTIALS 

The paper deals mainly with equilibria in systems of 
three phases containing oxygen gas, metal, and oxide 
respectively. It is concerned therefore with equili- 
brium constants and the manner in which these 
constants vary with temperature. A very simple 
three-phase equilibrium of the type with which this 
paper deals is represented by the equation 

Metal O, = oxide 
When both metal and oxide are present as separate 
phases, the equilibrium constant is clearly equal to the 
reciprocal of the equilibrium oxygen pressure o,. 
The variation of this constant with temperature can 
be closely represented by a straight line on two types 
of graph. In one, log, po, is plotted against 1/7, 
and in the other RT log, po, is plotted against 7’, 
where R is the gas constant and 7’ is the absolute 
temperature. The latter procedure has been adopted 
since it has a number of advantages. 

If po, is expressed in atmospheres, the quantity 
RT log. po, is equal to the work done when 1 
gram-molecule of oxygen gas at 1 atm. pressure and 
temperature 7’, is combined isothermally with pure 
metal to give pure oxide. It is equal to the change in 
Gibb’s Free Energy (AG°) accompanying the above 
reaction. It is also equal to the difference between 
the chemical potential (u‘o,) of 1 gram-molecule of 
oxygen as a gas at | atm. pressure and temperature 
T, and the chemical potential (uo,) of 1 gram- 
molecule of oxygen combined as an oxide in the 
presence of the parent metal and at the same tempera - 
ture. This difference in potential will henceforth 
be referred to as the oxygen potential relative to 
oxygen gas at 1 atm. and will be denoted by the 
symbol Auo,.* 

Most readers will be familiar with the concept of 
electrical potential. Since chemical potential (Aw) is 
exactly analogous, it is worth restating three accepted 
facts about electrical potential and the movement of 
electricity. A current flows from a higher and more 
positive potential to a lower and more negative 
potential, if conditions are made suitable by the 
introduction of a conductor; no current flows 
spontaneously between points of equal potential. 
When a current flows the quantity of work done, or 
the energy liberated, is given by the product of the 
potential difference and the quantity of electricity 
passing. That precisely similar considerations apply 
in the chemical case may be seen by reference to the 





* Avo, = AG° = AH® — TAS®, where AH° and AS 
are the standard heat and entropy changes accompany- 
ing the reaction. The slope of the linear plot of Ayo, 
against 7' is therefore roughly equal to AS°, and the 
intercept on the temperature axis (at 0° K. or —273° C.) 
is roughly equal to AH®. This is discussed in more 
detail by Richardson and Jeffes.*! 
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simple three-phase system represented in Fig. 1. It 
consists of metal (X), metal oxide (XO), and oxygen 
gas at a pressure po, and a uniform temperature 7’. 


At equilibrium the gas phase, consisting mainly of 


oxygen, will also contain small amounts of metal and 
oxide vapours at their respective vapour pressures p 
and pyo. The metal will be saturated with oxygen to 
the limit of its solubility [O] (which is generally 
small). In addition, the oxide will be saturated with 
metal to the limit of its solubility, which will be either 
very small (X), or, in all probability, indistinguish- 
able from zero. 








GAS O, 
Poe 
Px Pxo 
| | 
METAL X | OXIDE XO 
| | 


Saturated [O] 





| 
Saturated (X) | 





Fig. 1—Representation of simple three-phase system 


When the system is in equilibrium it is clear that 
the oxygen pressure in the gas phase, the dissociation 
pressure of the oxide, and the vapour pressure of the 
oxygen above the saturated metal, must all be equal. 
The pressure po, is therefore equal throughout. It 
follows that the oxygen potential (Ay o,), defined 
as RT log, po,, must also be equal throughout, and 
that oxygen does not move from one part of a system 
to another of equal oxygen potential. Suppose now 
that, in our system, po, in the gas phase is made 
greater than the dissociation pressure of the oxide 
in the presence of the metal. It is known from 
experience that oxygen will move from the gas into 
the metal, combining with it to make more oxide, until 
Po, (and hence Ayy,) is reduced to the equilibrium 
value. If po, (and hence Ayo,) is less than the 
equilibrium value, the reverse process will take place. 
Oxygen therefore moves from higher and more 
positive to lower and more negative potentials. The 
potential at the standard condition of 1 atm. pressure 
is zero since RT log, 1 is equal to zero. The analogy 
is completed by the fact that when oxygen is trans- 
ferred from one chemical potential (Au,,) to another 
(Au’p,) at constant temperature, the maximum 
work which can be obtained in the process is equal to 
the difference between the two potentials multiplied 
by the number of gram-molecules of oxygen trans- 
ferred. For instance, the maximum work which can 
be done by n gram-molecules of oxygen when they 
are transferred from a system in which its equilibrium 
pressure is po, to one in which it is p’,, can be 
shown by classical thermodynamics to be given by 
the equations : 

Work MRT loge p'o. — RT log, por) ...... (1) 
Ree Ais (Pea) DOG) 350086 54s008005000656 (2) 
= n(Ap’os Ax 02) 

Equations (1)fand (2) are, of course, strictly 
applicable only when fugacities are used in place of 
the terms po,, p'o,- For most gases, particularly at 
high temperatures, the fugacities can be taken as 
equal to the partial pressures. 

In solutions the treatment of the chemical potentials 
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of dissolved substances is often more complex, and it 
will help in consideration of them to focus attention 
on the equilibrium system shown in Fig. 2. Here the 
oxygen gas, at a pressure of po, atm., is in equilibrium 
with oxygen dissolved in 
a liquid metal, at a con- 
centration of [O]. The 
chemical potential of the 
dissolved oxygen will be 
equal to that of the oxygen 
in the gas phase, so that if 
Fig. 2—Representation the standard potential is 
of oxygen/liquid-metal again taken as that of oxy- 
system inequilibrium gen gas at | atm. pressure, 
the chemical potential of the dissolved oxygen 
(Avo,) will then be given by the relation : 
pig gE MOR WI a vc an ctg04decscesaes (3) 
and the maximum work (free-energy change) in 
taking n gram-molecules (2x gram-atoms) of oxygen 
from a liquid with equilibrium pressure po, to 
another liquid with equilibrium pressure p’o,, is given 
by equation (1). It is, however, often inconvenient to 
take the gas at 1 atm. pressure as the standard of 
potential for a dissolved substance, especially if it is a 
solid or liquid, and not a gas, in the pure state at the 
temperature concerned. A _ preferable alternative, 
which is used in this paper, is to take the pure solid 
or liquid substance (1) as the standard, in which case 
the potential is given by the equations : 





GAS Pos 





LIQUID METAL [O} 











Apy = RT logepy — RT logep’y ......... (4) 
Apy BEE MORON 100 77) o6co ene ckasecssess (5) 

In these equations py is the vapour pressure of 
the dissolved substance [Y] over the solution, and 
p’y is the vapour pressure of pure solid or liquid (1) 
at the same temperature. 

The ratio p/p’) is termed the activity (a) of Y 
in the solution, relative to pure Y, which has by 
definition an activity of unity. In so-called ideal 
solutions, a) is equal to the molar or atom fraction 
of Y in the solution, but in general this is not so. 
The manner in which a) varies with [ )’] cannot be 
predicted thermodynamically and must be deter- 
mined experimentally. 


Figure 3 shows, for example, the activities of 


manganese, carbon, and oxygen in iron at 1540° C. as 
a function of their atom fractions, relative to the pure 
liquid, solid, and gas respectively. Oxygen is shown 
on a separate scale, on account of the very low values 
of ay, and of the atom fraction of oxygen at its 
solution limit. Manganese may be considered as 
behaving ideally, but oxygen and carbon obviously 
may not. 

The ratio of the activity to the molar or atom 
fraction is known as the activity coefficient (y), and 
the connecting equation is : 


p= AY (6) 
Y) ") 1) ppumimpeaaciea ie etrakorae 


For the ideal solution, the activity coefficient is equal 
to unity over the whole concentration range, and the 
extent to which it departs from unity—as determined 
experimentally—is a measure of the degree to which 
the interaction between a solute and a solvent atom 
differs from that between one solvent «tom and 
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another. The equilibrium constant (K,;) for any 
chemical reaction must properly be expressed in 
terms of these activities (or active masses). For the 
general system represented by the equation : 
«{metal] O; WOMMIOT iis enccecscedee (7) 
4“ 
Kp : SR Ore (8) 
PO2 © metal 
Ky expressed in this way is independent of the state 
either of the metal or the oxide, provided that the 
activities are expressed relative to the pure com- 
ponents in both cases. 

It is important to see how the chemical potentials 
of the various participants in any equilibrium are 
inter-related through,the equilibrium constant. For 
the general system just considered it follows from 
equation (8) that: 

RT log, POz a RT log, ad metal y RT log, a(oxide) 

FEE WN s icaveeuteceevensnas (9) 
and : 

Ano. wAp metal 
Since K is a constant at any temperature, it is 
evident that a decrease in Apfetay) leads to an 
increase in Ayo,, provided that Auosiae) is 
constant. Similarly if Aus, ¢.)) is constant a decrease 
in Aurosite) leads to a decrease in Auo,. 

The conditions for which Ay , is plotted in the 
diagrams in this paper, are, unless otherwise stated, 
those for which Awtmeta] and Auoxiae) are zero 
(2.€., @fmetal] G oxide) = 1), so that : 


Avo. BEE WOO OUGS: \eiicccincwssdcs (11) 
If Auo, is fixed at some other value, say Au’,,, the 
meta! and oxide will distribut? themselves throughout 
the system in such a way that : 


yAp oxide) RT log, K To++( 10) 
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Fig. 3—Activities of manganese, carbon, and oxygen 
in iron at 1540° C., as a function of their atom 
fractions relative to the pure liquid, solid, and gas, 
respectively 
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Fig. 4—Oxy¢gen potentials in the blast-furnace 


By subtraction of equation (11) from equation (12), it 
follows that : 
(Ap’o.2 = Apo) yAp (oxide) wAp’ metal) ...( 13) 


- y RT loge. aoxide) 


—~a2RT log, Afmetal]...ccceee (14) 
y a0) ) 

RT’ log, ens parses ooe (15) 
a“(metal) } 


The application of equation (15) is important when 
possible equilibria between slag and metal in the hearth 
of the blast-furnace are considered. Under such con- 
ditions Ay’,, is controlled by the C-CO equilibrium, 
so that the various elements endeavour to partition 
themselves between slag and metal according to 
equation (15). In the specific case of manganese, 
for example, (Au, Au.) is equal to the differ- 
ence (x kg.cal.) between the C-CO and the Mn—MnO 
lines at the temperature concerned in Fig. 5, so that 
at equilibrium : 

@"(Mno) . eer 
a ven, Exponential R7 

Unfortunately, so far as the blast-furnace is con- 

cerned, it is not possible to make much use of activities 


or potentials in solution, on account of the lack of 


experimental data on complex solutions in iron and 
slag. For a full theoretical treatment of this subject 
the reader must refer to textbooks on thermo- 
dynamics.!9, 41 
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pwor Of 2C + O,= 2CO C2 atm) 





OXYGEN POTENTIALS IN 
THE BLAST-FURNACE 


The reduction of metais in the 
blast-furnace consists essen- 


2000 2400 


oxygen from combination with 
40 metals to combination with 
carbon, at such high tempera- 
tures that thermodynamically 
possible reactions can, with 
rare exceptions, always take 
place. Whether any particular 
oxide can be reduced in the 
furnace, and the stages at 
which its reduction may occur, 
will thus mainly depend on the 
chemical potentials of the 
oxygen in the various parts of 
the furnace. These, in turn, 
will be governed by the local 
chemical and thermal environ- 
ments. 

These oxygen potentials will 
-200 _ be considered in detail by refer- 
ence to Fig. 4. In this diagram 
the full lines show the oxygen 
potentials in kilogram calories 
per gram-molecule relative to 
240 oxygen gas at atmospheric 
pressure, for the major oxide 


-80 


-|60 


S 
fe) 
OXYGEN POTENTIAL (Aji, ), KG CAL 


mes and carbon systems occurring 


inthe furnace. The line for the 
-280 system C-CO has been drawn 
2400 for a CO pressure of 0-5 atm., 
since this roughly represents 
the mean partial pressure of 
CO in the furnace gases in 
normal practice. Other practices result in the 
pressures given below: 


2000 


Top Bottom 
Normal practice 
Total pressure, atm. TP 1-1 1-5 
CO pressure, atm., 
With air ... ine em 0°3 0-6 
With 80% Oz bas ee 0-4 0-9 


High-pressure practice 


Total pressure, atm. 1-7 2-0 
CO pressure, atm., 
With air... oe ae 0-4 0-8 
With 30% O, bee bet 0-6 1-2 


The equilibrium between carbon and oxygen 
involves the two equilibria : 
2C + O, = 2CO; 2CO + O, = 2C0, 


At any temperature, therefore, oxygen and carbon 
dioxide will be present (though frequently in very 
small amounts) in equilibrium with carbon and carbon 
monoxide. Since po, is far too small to be measured 
directly, the oxygen potentials of such mixtures are 
calculated from the ratio of carbon monoxide to 
varbon dioxide in the equilibrium gas, with the use of 
the equilibrium constant for CO-O,-CO, equilibrium. 
These CO/CO, ratios in the furnace gases also deter- 
mine the oxygen potentials in the absence of carbon 
or under conditions where equilibrium with carbon is 
not fully attained. 
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The coke, by reacting with oxygen and carbon 
dioxide, is always attempting to lower the oxygen 
potential of the gases passing through the furnace, 
whereas the ores, by reacting with the carbon mon- 
oxide and carbon to give carbon dioxide, are always 
trying to raise the potential. It might therefore be 
expected that the lowest possible oxygen potentials 
(given by the CO/CO, ratios) which could be measured, 
by taking gas samples at various temperatures from 
the furnace, would be those given by the C-CO line 
corresponding to the CO pressures actually recorded. 
It might also be expected that the highest possible 
oxygen potentials which could be measured in the 
same manner would be those of the particular oxide 
systems prevailing at the various levels. The most 
extensive report on gas and solid samples taken during 
the operation of a blast-furnace is that of the Blast 
Furnace Reactions Research Sub-Committee of the 
Iron and Steel Industrial Research Council.2* Figure 
35 on page 91 of that report shows the relationship 
between log CO/CO, and temperature for all the gas 
samples taken in the investigation. It is unfortunate 
that the temperature measurements on which this 
diagram is based are almost certainly low, due to heat 
losses from the thermocouple to its various pro- 
tective devices. These temperatures have been 
somewhat arbitrarily corrected by + 100° at 400° C. 
and + 150° at 900° C. in the light of experience with 
other similar temperature-measuring devices. The 
resulting data are represented in Fig. 4 of this paper 
by the dotted lines (henceforth called the ‘ B.F. gas 
lines ’), showing the oxygen potentials corresponding 
to these CO/CO, ratios. The middle line represents 
the mean of all the measured ratios, and the other 
two represent the upper and lower extremes. It will 
be noted that the lower limits lie well below the 
potential given by the C-CO (0-5 atm.) line at temper- 
atures below about 1100°C. In fact, it appears that 
some of the samples cool from 1100° to about 700° C. 
with little or no change. Although local conditions 
may have prevented these particular samples from 
coming into contact and reacting with ores, it might 
have been expected that their oxygen potentials 
would have been raised by carbon deposition accord- 
ing to the reaction 


2CO = C+ CO,. 


The results show that this does not occur to any 
marked extent in the fast rising and rapidly cooling 
blast. The finding is, of course, in line with the 
well-known fact that carbon does not deposit readily 
from carbon monoxide except in the presence of suit- 
able catalysts which facilitate the separation of the 
new phase. The mean potentials are less than the 
values given by the C-CO (0-5 atm.) line at tempera- 
tures below about 800° C., in spite of the fact that 
about 30°% of the reduction of the ores is effected at 
lower temperatures. This must mean that when the 
gases come into contact with the ore at such tempera- 
tures, they react more slowly than with the coke, so 
that the small quantities of gas which cool relatively 
unchanged from higher temperatures are sufficient to 
keep the mean oxygen potential below that of the 
C-CO line. 

It is now possible to represent by the dotted line in 
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Fig. 4, as has been suggested by Goodeve,!* the way in 
which the oxygen potential varies in the blast-furn- 
ace. The manner in which the environment of a partic- 
ular gas atom, which is taken merely as a reference 
point, changes from the time it enters the furnace with 
the blast to the time it leaves in the top gas, will be 
considered. After entering at point A, at about 600° C. 
and 0-2 atm. partial pressure of oxygen, rapid com- 
bustion at about 2000° C. brings the potential of the 
environment of the reference atom down nearly to the 
C-CO line, the line itself not being reached, since equil- 
ibrium is not attained in practice. As the reference 
atom now comes into contact with ore, the potential of 
its environment moves up towards the Fe—FeO line, 
and at the same time the temperature falls as the gas 
ascends the stack. Fresh contact and further reaction 
with the coke, followed by mixing with unchanged 
gases coming from higher temperatures, bring the 
potential down again, so that it alternately rises and 
falls between the limits of the extreme B.F. gas lines 
as the gas passes through the furnace. Finally, the 
oxidation and reduction rates become so slow that 
the fluctuations die out, and the gas ultimately leaves 
at about 250°C. with a CO/CO, ratio of 3/1, as 
represented by the point B. 

The most important property of the furnace gases, 
and the one which determines the stages at which 
particular reductions can be effected in the furnace, is 
clearly the mean oxygen potential. In the light of the 
above, it would appear safe to assume that the 
mean oxygen potentials are given by the appropriate 
C-CO lines at temperatures above 1100° C., and by 
the mean B.F. gas line at lower temperatures. The 
latter must, of course, vary somewhat with practice, 
but the deductions should nevertheless be generally 
applicable. The full-scale detailed oxygen potential 
diagrams are given in Figs. 5, 6,7, and 9. Figure 5 
deals with the most important oxides, Fig. 6 with 
compounds of the elements which are taken up by 
the liquid metal, Fig. 7 with compounds of the alkali 
metals, and Fig. 9 with compounds of nitrogen. 
These show oxygen potentials for the main systems 
which can occur in the blast-furnace and for which 
information is available. As in Fig. 4, the units are 
kilogram calories per gram-molecule of oxygen, 
relative to oxygen gas at 1 atm. pressure. The 
individual equilibria are represented by the equations 
shown in the diagrams, and the potentials are equal 
to the changes in Gibbs’ Free Energy (AG*) for the 
reactions as written. Except where otherwise stated, 
the standard states for liquids and solids are the pure 
phases, and for gases (including metals above their 
boiling points) they are at 1 atm. partial pressure. 
Besides the potential scale, two other scales are drawn 
in the diagrams. These permit direct reading of the 
theoretical oxygen gas pressures in equilibrium with 
any system at any temperature and the corresponding 
ratios of CO/CO, gas pressures. It is possible to do 
this since the oxygen potential both of oxygen gas at 
any fixed pressure, and of oxygen gas in equilibrium 
with a fixed ratio of CO/CO, gas pressures, are linear 
functions of temperature. The scales may be used 
as follows : 

Place a ruler on the diagram with one edge passing 
through the point O, on the left-hand side of the 
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Fig. 5—Oxygen potentials of oxide systems of major importance in the blast-furnace 
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diagram, and the point on the diagram for which the 
equilibrium oxygen pressure is desired. The pressure 
is now read at the point at which the ruler edge 
intersects the oxygen scale on the right-hand side, 
interpolation between the figures being made on a 
logarithmic basis. The procedure for the CO/CO, 
ratios is similar, except that the point C is used on 
the left-hand side of the diagram and the CO/CO, 
scale on the right. 


DISCUSSION 
Dissociation Pressures and Reduction by CO/CO, Gas 
Mixtures 

Oxygen dissociation pressures of the oxides may be 
read directly by means of the oxygen scale.* It may 
be seen, for example, from Fig. 5, that at 1250° C. 
Fe,SiO, has a dissociation pressure of 10~! atm. 
Correspondingly, reading of the CO/CO, scale shows 
that the CO/CO, pressure ratio of a gas mixture in 
equilibrium with iron, silica, and fayalite, at this same 
temperature, is 7-6/1 (logarithmic interpolation 
between 1/1 and 10/1). It follows that reduction of 
Fe,SiO, can be effected at 1250° C., either with a gas 
mixture containing CO in excess of this ratio or, in 
this particular case, with a gas mixture having this 
same ratio at a lower temperature. It will be recog- 
nized that the lower the oxygen potential of any 
system, the more tightly the oxygen is held by the 
oxide in question and the less readily will it pass into 
any other combination. In this connection it is of 
interest to note how the oxygen potentials of such 
basic substances as FeO and MnO are reduced by 
combination with SiO,, TiO,, or Cr,03, and how 
the oxygen potentials of such acid substances as P,O; 
and SiO, are reduced by combination with CaO. 
Reduction in the Presence of Carbon 

At any point on Fig. 5 where two lines intersect, 
the two systems concerned will have equal oxygen 
potentials and will be in equilibrium with respect to 
oxygen. The points of intersection of the various 
metal oxide lines with the C/CO and the mean B.F. 
gas line therefore give the temperatures at which oxide 
and reduction product are in equilibrium under these 
two sets of conditions, and above which continued 
reduction to a lower oxide or to the metal is thus 
normally possible. 

A complication arises with regard to reductions 
involving magnetite and ferrous oxide, since these 
substances can exist over significant ranges of com- 
position. The equations in which they appear in the 
diagram are stoichiometric with respect to oxygen 
only. The compositions depend on the oxygen 
potential and the temperature, or, where two oxides 
are in equilibrium, on the temperature only. The 
oxygen potentials plotted are those of the systems 

Fe,0, (constant composition)—‘ Fe,0,’ (27:6% O, 

at 600° C., 27-7% at 1000° C.) 

Fe,0, (constant composition)— FeO’ (24-2°, O, 

at 800° C., 25:0% at 1200° C.) 

” ‘FeO’ (23-:1% O, at 800° C., 23-1% at 1200° C.)- 

re. 

It follows therefore that reduction to the foregoing 





*It is to be noted that at temperatures above the 
boiling points of the reduced metal, the oxygen pressure 
read is that in equilibrium with the pure solid or liquid 
oxide and the metal vapour at 1 atm. partial pressure. 
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compositions will take place at oxygen potentials 
just below those given by the appropriate iron oxide 
line. For example, Fe,0,, which has its stoichio- 
metric composition when in equilibrium with ‘ FeO,’ 
can be reduced at 1200° C., at an oxygen potential just 
below — 61 kg.cal., to ‘FeO’ containing 25-0% of 
oxygen. The oxygen content of this ‘FeO’ can, 
however, be further, and continuously, reduced by 
lowering the potential progressively to — 80 kg.cal., 
when the ‘ FeO’ will contain 23-1% of oxygen, as 
compared with a theoretical 22-2% for the non- 
existant stoichiometric compound. Lowering of the 
oxygen potential at this temperature to just below 
— 80 kg.cal. will now result in complete reduction 
to the metal. 

Under conditions where the oxygen potentials in 
the furnace are controlled by the C-CO equilibrium, 
that is above about 1100° C., an increase in the CO 
pressure causes an increase in the minimum tempera- 
tures at which reduction of the various oxides may 
start. The change from 0-5 to 1-0 atm., which might 
be brought about by the use of oxygen, high top 
pressure, or both (see p. 400), could cause an increase 
in such minimum temperatures of about 50°C. At 
lower temperatures, where the oxygen potentials are 
governed by the mean B.F. gas line, such pressure 
changes would have no effect. 

The minimum temperatures at which reduction 
may be expected to proceed at significant rates below 
1100° C. are given by the intersections of the mean B.F 
gas line with the lines for the various oxide compounds. 
For chromite, ferrous titanate, and fayalite, the 
temperatures are 960°, 830°, and 770° C. respectively. 
The simple oxides of iron can theoretically be reduced 
by blast-furnace gas at all temperatures, so that 
reduction will start as soon as the temperatures are 
sufficiently high to make available the activation 
energies required for chemical reaction. These 
temperatures are of the order of 200-300° C. 

For those elements which dissolve in, or combine 
with, the iron as they are reduced from their com- 
pounds, the minimum temperatures may be much 
lower than the intersection temperatures of the 
systems shown in Fig. 5. On the other hand, for those 
oxides which are dissolved in slag or are in other 
states of combination when reduction takes place, 
the minimum temperatures may be considerably in- 
creased, due to the lowering of the chemical poten- 
tials. The magnitude of such effects for manganese, 
silicon, phosphorus, and sulphur are indicated by the 
lines in Fig. 6 (a-d), which have been calculated by 
the methods described in the Appendix. 

In the case of manganese (Fig. 6a), for example, 
it is not clear whether the reduction of the oxide 
should be recognized as taking place to free manganese 
(line I) or to manganese in iron (line II). Probably 
both reactions occur, depending on the local environ- 
ment of any particular piece of oxide. In the first case 
the minimum reduction temperature in the presence 
of 0-5 atm. of CO is 1370° C., but in the second it is 
theoretically of the order of 1080° C. (though it has 
not been possible to allow, in the construction of 
line II, for the secondary effects of the carbon, 
phosphorus, and silicon in the iron, on the dissolved 
manganese). It is clear, however, that the reduction 
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Fig. 6—Oxygen potentials of systems involving liquid iron and slags 
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of manganese into iron can proceed only at a signifi- 
cant speed under conditions where liquid iron can 
come into contact with the manganese oxide during 
reduction, that is, above about 1200°C. The 
reduction of manganese into iron from the slag is 
represented approximately by line I, which is the 
mean of lines IT (for 1% [Mn]) and III (for 1% 
(MnO)). Similar considerations apply in the case of 
silica (Fig. 6b), although here the two temperatures 
are about 1500°C. (line I) and 1200°C. (line II). 
Since the liquid iron can come into contact with the 
silica during reduction at the latter temperature, the 
second mechanism may be considered as operative. 

The standard line for tricalcium phosphate (line I 
in Fig. 6c) shows that this substance cannot theoreti- 
cally be reduced in the presence of lime and with 
pressures of CO and phosphorus vapour of } and ] atm. 
respectively, below about 1360°C.* On the other 
hand, the intersections with the mean B.F. gas line 
show that it can be reduced to iron phosphide (Fe,P) 
at about 1080° C., even in the presence of lime (line I), 
and at about 900°C. if dicalcium silicate can be 
formed (line III). A significant rate of formation of 
iron phosphide (or of phosphorus dissolved in iron) is 
hardly possible, however, until liquid iron can come 
into contact with the phosphate during the reduction 
process (1200° C.) or until a reasonable pressure of 
phosphorus, say 0-001 atm., can be produced in 
furnace gases to carry the phosphorus from one solid 
phase to another. The latter can theoretically happen 
at about 1300° C. in the presence of lime (line IV), or 
at about 1100°C. under conditions where calcium 
silicate (Ca,SiO,, taken as an example) can be formed 
(line V). The slag, however, does not start to form 
until 1200-1300° C., so the latter reaction can hardly 
take place at a significant rate until 1200°C. is 
reached. At that temperature, however, the phos- 
phorus pressure will be nearer 1 atm. than 0-001 
atm., so that the transfer of phosphorus from phos- 
phate to iron may be expected to take place mainly 
via the gas phase. 

The reduction of sulphur from combination with 
iron to combination with calcium (line I, Fig. 6d) can 
theoretically occur at all blast-furnace temperatures, 
provided the appropriate solid reactants are in contact. 
Since none of the reactants is gaseous, however, it is 
clear that such a reaction can occur rapidly only when 
the participants are liquid, 7.e., after slag formation 
has started, at between 1200° and 1300° C. Summariz- 
ing, one can say that the reduction of the compounds 
of Mn, Si, 8S, and P can hardly occur at temperatures 
below 1200° C., but can proceed rapidly as soon as 
liquid iron or slag becomes available as a reactant. 

Since the potentials of both metal reduction product 
and metal oxide are reduced by solution of the metal 
and oxide in iron and slag respectively, the two 
solution effects tend to cancel out. It follows that 





* This is admittedly a hypothetical system since the 
true equilibrium systems are CaO — Ca,yP,0, and 
Ca,P,0,-Ca,;P,0,, but unfortunately the only calcium 
phosphate for which thermodynamic data exist is 
Ca;P,0;. In actual fact Ca,P,0, would reduce to 
Ca,P,0, below 1370° C., and Ca,P,0, would reduce to 
CaO at a higher temperature. It is believed, however, 
that the general conclusions are nevertheless correct. 
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oxides with lines which show no intersection with 
the C—CO lines, even at the highest temperatures of the 
furnace (e.g., Al,O, and CaQ), will not be reduced 
in significant amounts and will thus pass into the slag. 

The directions of movement of the products of the 
reduction processes are of interest. Solid or liquid 
products have no alternative but to descend the 
furnace with the burden, and then to pass out with 
the tapped slag and metal. On the other hand, gaseous 
reduction products, such as the vapours of the alkali 
metals and possibly phosphorus vapour, must travel 
up the furnace with the rising blast, reacting with the 
heterogeneous burden as they go. As the temperature 
falls, and higher oxygen potentials are reached, these 
products will be reoxidized, even in the presence of 
carbon monoxide and coke, and will then recombine 
with appropriate substances in the burden ; e.g., the 
alkali vapours will be reconverted to alkali carbonates 
and silicates, and phosphorus vapour may give 
calcium, and possibly alkali, phosphates. These may 
now descend the furnace again. A steady condi- 
tion may thus be reached in which much higher 
concentrations and pressures of these elements exist 
in the solids and gases, between the limits of their 
reduction and reoxidation zones, than might be 
imagined purely on the basis of their overall con- 
centration in the burden, and their balance in the 
ingoing and outgoing materials. 


Carbon Deposition 

In Fig. 7 the line for the system C + O, = CO, 
intersects that for 2C + O,=2CO (1 atm.) at 
710°C. It follows that, at this point, carbon is in 
equilibrium with | atm. pressure of CO and 1 atm. of 
CO,; above this temperature the equilibrium 
pressure of CO over carbon is greater than that of 
CO,, and below this temperature the reverse is the 
case. It follows further that if CO is cooled through 
this temperature under equilibrium conditions, it will 
deposit carbon, as the CO, is produced and its con- 
centration is progressively increased. The oxygen 
potential of a mixture of CO and CO, at 1 atm. total 
pressure, in equilibrium with carbon, follows the 
(C-2CO) line at high temperature and the (C-CO,) line 
at low temperature, and changes over from one to the 
other in a smooth curve as indicated by the broken 
line in Fig. 7. With the aid of the CO/CQ, scale, it 
can be seen that the deposition can theoretically 
occur at 980°C., when the ratio of CO/CO, 
exceeds 100/1, and that this limit decreases to 
10/1 at 820°, 1/1 at 670°, 1/10 at 530°, and 1/100 at 
410°C. From this it follows that pure CO could 
theoretically begin to deposit carbon in significant 
proportions when its temperature falls below about 
1000° C. As already explained (see p. 401), however, 
this reaction does not proceed readily, so that lower 
temperatures must be reached before it is important. 

As also explained (see p. 401), the minimum oxygen 
potentials of the blast-furnace gases at temperatures 
below 1100°C., may be less than those for the 
appropriate C-CO system. Carbon deposition in the 
furnace therefore becomes thermodynamically possible 
at about 1100°C., but does not take place readily 
until considerably lower temperatures are reached. 
In this connection it is of interest to note that the 
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Fig. 7—Oxygen potentials of systems involving certain alkali and alkaline earth metals 
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lowest B.F. gas line in Fig. 4 rises steeply at tempera- 
tures between 800° and 600°C. It seems unlikely 
that this can be attributed to the sudden onset of 
more rapid reaction between the gases and the ores, 
and it may therefore be due to the onset of carbon 
deposition at this temperature. 


Decomposition of Carbonates 


Decomposition of lumps of carbonates to give 
carbon dioxide can take place readily as soon as the 
decomposition pressure exceeds the total local 
pressure in the furnace. The temperatures at which 
decomposition pressures of 1 atm. are reached for 
various carbonates are given below, the data used 
for calculations being those cited in the Appendix : 


Temperature for Dissociation 


Carbonate Reaction Pressure of 1 atm.,° C. 


FeCO, = }Fe,0, 


CO, + 4CO Around 210-450 


Sieded 


MnCO, = MnO + CO, 377 
MgCO, = MgO + CO, 417 
CaCO, = CaO CO, 884 


The carbonates entering the furnace may decompose 
directly to oxide and CO,, or may combine with 
silica to give silicate and CO,. On account of the 
stability of silicates, decomposition pressures of 
1 atm. can theoretically arise by the second mechan- 
ism at much lower temperatures than by the first. 
The reaction involves, however, the formation of a 
solid reaction product between the carbonate and 
silica, so that it cannot occur at significant rates until 
reactants or products become liquid. Since de- 
composition by the first mechanism takes place readily 
at much lower temperatures, the silicate reaction need 
not be considered. For the more stable carbonates, 
however, reduction reactions become important. In 
the case of limestone, for instance, reduction can 
theoretically take place via the solid—gas reaction, as 
soon as the oxygen potential of the furnace gases falls 
below that for the system 

CaO C + O, = CaCO, (Fig. 7). 

For blast-furnace gases of the mean CO/CO, ratios 
already given, this occurs at about 700° C., so that 
the decomposition of limestone may commence some- 
what sooner than indicated by the foregoing figures. 
In the case of the carbonates of the alkali metals, 
the available data, cited in the Appendix and partly 
shown in Fig. 7, indicate that they are decomposed 
by reduction to the alkali metal vapours. The inter- 
sections of the mean B.F, gas line with the lines for 

4K(Na) + 3C + O, = 3K,CO,(Na,CO,) 

indicate that the liquid carbonates could give 1 atm. 
pressure of each of the alkali metal vapours at about 
1100°C. Decomposition could clearly proceed at 
much lower temperatures since rapid reduction in 
the fast flowing stream of furnace gases could well 
proceed at 10-* atm. pressure of the alkali vapour. 
The lowest temperature for this condition is about 
900° C. for both metals. 


Movement of the Alkali Metals 

The behaviour of sodium and potassium in the 
furnace is important, since slagging of the refractories 
in the stack and resulting scaffolds may be caused by 
them. These metals enter the furnace as complex 
silicates in the ore, the sinter, and the coke. The 
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concentration of the oxides ranges up to about 1%, 
of the burden and, of this, three-quarters or more is 
potassium oxide. They descend with the burden 
and to some extent pass into the liquid slag as they 
come into contact with it. The concentration of 
alkali oxides actually found in the final slag is 
normally about 0-5°%, which is equivalent to about 
0-2% by weight of Na,SiO,, and 0-6% of K,SiO,. 
The quantity of alkali passing out in the slag is thus 
less than one-tenth or so of that entering with the 
burden, but the quantity passing out in the flue gases 
in a finely divided state is considerable. A significant 
quantity is also taken up by the refractories, and high 
concentrations have been reported in, and near, 
scaffolds. It is of interest to see how the mechanism 
of this process can be deduced from the available 
thermodynamic data, which are represented in Fig. 7. 
Unfortunately, the accuracy of the curves shown is 
not great owing to the scarcity of data for these 
compounds. The full lines are thought to be reason- 
ably correct, but the dotted lines must be accepted 
with some reserve. Nevertheless, the order of the 
curves and their levels can be considered as sub- 
stantially correct. It is at once evident that the 
alkali oxides and carbonates should be easily reduced, 
but that the silicates are much more resistant. These 
may be reduced either to alkali metal vapour and 
silica, or to alkali vapour and silicon, depending on 
the temperature and concentration conditions. Re- 
duction will take place, under the conditions repre- 
sented in the diagram, by the intersection of the 
C-CO lines with those for 


1K(Na) + 2SiO, + O, 
tK(Na) + 3Si + O, 


2K ,SiO,(Na,SiO;). 
-K SiO,(Na,SiO,) 


Pure potassium silicate can be reduced by carbon 
above about 1500° C. to give free silicon, potassium 
vapour at 1 atm. pressure, and CO at 0-5 atm. 
pressure. For sodium the corresponding temperature 
is nearer 1550° C. The activities of sodium and potas- 
sium silicates in the slag, corresponding to the concen- 
trations by weight already given, might range as low 
as 0:02% and 0-06%, respectively, at 1400—1500° C., 
the values being based on a possible figure of about 
10 kg.cal./gram.mol. for their heat of solution in 
the liquid blast-furnace slag. With potassium silicate 
at 0-06% activity in the slag (relative to free 
K,SiO,), the potassium vapour pressure which 
could be built up in the gas stream under these 
conditions would be about 0-025 atm. For sodium 
silicate at 0-02°% the corresponding figure would 
be 0-015 atm. at 1500° C. The simultaneous 
formation of silicon carbide, or the passage of 
silicon into the iron, where conditions are locally 
suitable, would cause considerable decreases in 
the silicon activity, and hence great increases in 
the maximum pressures of the alkali vapours. For 
instance, with silicon at 1% concentration by weight 
in liquid iron saturated with carbon at 1500° C., the 
increase would be forty-fold. It is clear, therefore, 
that even with the concentrations of alkalis actually 
found in blast-furnace slags as tapped, reduction to 
alkali metal vapours could proceed in the hottest 
zones, and it is thus certain that reduction can 
occur in practice. It is hardly likely, however, that 
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the relatively high equilibrium pressures of alkali 
vapours just mentioned will be built up in practice, 
for the fast-moving blast will have little chance to 
come to equilibrium with respect to these components. 
Much lower values of 0-002 atm. of potassium and 
0-001 atm. of sodium are therefore assumed for 
calculations on the behaviour of these vapours as 
they ascend the stack with the rising blast. As the 
vapours reach lower temperatures it will become 
possible for them to combine with the CO in the 
furnace gases, even in the presence of free carbon, to 
give solid carbonates at temperatures which can be 
calculated from the mean B.F. gas line and the 
lines for 
$K(Na) + 3C + O, = 3K,CO,(Na,CO,). 

For alkali vapours at the pressures of 0-001-0-002 
atm. suggested above, this temperature is about 
900° C. for both potassium and sodium. Since these 
carbonates can be produced in the gas phase they 
will be finely divided, so that a considerable pro- 
portion will pass out with the flue gases, and be 
precipitated only with difficulty. On the other hand, 
a proportion of these carbonates will be caught up 
in the burden, so that a significant quantity may be 
returned to the reduction zone; a much higher 
concentration of alkali metals may thus be built up 
in the furnace than might be imagined from a straight 
alkali balance. It is also possible for the alkali metal 
vapours to combine with CO and free silica (in the 
burden or refractories) to form free silicates, even in 
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the presence of carbon. For these same pressures of 
the metal vapours, this becomes possible when the 
temperature falls below about 1100°C. It therefore 
follows that the silica of the refractories is open to 
attack by this mechanism, and that it may be serious, 
particularly when the furnace is driven on the walls. 


Reactions Involving Nitrogen 


See gas makes up 80% of the ingoing air and 
about 57% of the top gases. Since it does not become 
combined on a large scale with any of the various 
substances in the furnace, its potential must be high 
throughout, and may, to a first approximation, be 
taken as zero or equivalent to 1 atm. pressure. On 
the other hand, the very low oxygen potentials 
which obtain in the furnace, favour the conversion of 
oxides to carbides and nitrides and other nitrogen 
compounds, so that it is of interest to consider on 
thermodynamic grounds what substances can be 
formed under these conditions. 

Figure 8 is a nitrogen potential diagram, similar 
in all respects to the diagrams already shown for 
oxygen. In this case, however, gases other than 
nitrogen are at 1 atm. pressure, and the nitrogen 
potential throughout the furnace follows the zero 
line. The positions of the cyanogen and hydrogen 
cyanide lines, which are well above that for the nitrogen 
potential in the furnace, show at once that these 
compounds can be formed only in small amounts (e.g., 
cyanogen at 1500° C. at about 10~6 atm., and hydrogen 
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Fig. 8—Nitrogen potentials of certain cyanide systems 
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cyanide at 1500° C. at about 10-3 atm., assuming that 
hydrogen is present as water at 1-2% by volume in 
the ingoing blast). The alkali cyanides, however, are 
considerably more stable, as indicated by the lines 
for the systems 


2K(Na) + 2C 


Unfortunately the data are only approximate and 
are insufficient to carry the curve for KCN beyond 
the boiling point. By extrapolation of the final 
section of the NaCN line (for both Na and NaCN 
vapour) below the boiling point of NaCN, it is, how- 
ever, possible to calculate roughly the equilibrium, 
and hence the maximum ratio of Na: NaCN likely 
to be reached in the furnace gases. This is only 
about 0-4 at 1500° and 1300° C.* Although the boil- 
ing point of KCN is not known, the position of the 
KCN line slightly above that of NaCN suggests that 
the ratios of K: KCN will be of the same order. 
Of course, the absolute magnitude of the pressures 
of the cyanide vapours will depend on the absolute 
pressures of the alkali metal vapours, and these will 
be governed in the main by the concentrations of 
alkali oxides, carbonates, and _ silicates, and the 
oxygen potentials in the furnace, as already discussed. 
The controlling effect of the oxygen potentials on 
the existence of free cyanides is shown in Fig. 9, the 
alkali cyanides being formed at the expense of alkali 
oxides, carbonates, or silicates when the relevant 
cyanide lies above the mean B.F. gas line. It will be 
recognized that the cyanides in the furnace are always 
stable relative to the oxides. They are, however, 
unstable in the presence of free silica, and even of 
silica at low activities, at all temperatures of interest 
here. The possibility of forming carbonates by 
reaction with the furnace gases renders the cyanides 
unstable below about 1000° C. 

The formation of alkali cyanides in the furnace has 
long been recognized, and theories have been proposed 
to explain the movement of the alkali metals and 
their action on the refractories in terms of these 
compounds.*# 

From the foregoing discussion it will be recognized 
that the formation of cyanides is not essential for the 
movement of the alkali metals in the furnace, or for the 
réle they play in scaffold formation by attack on the 
refractories. The fact that cyanides are formed in 
the furnace may be attributed to the heterogeneous 
and non-equilibrium conditions which can occur. 
These doubtless permit a significant proportion of 
the alkali vapours ascending in the blast to cool to 
temperatures at which they can form cyanides, 
before they have time either to form carbonates 
completely or to come into contact with silica and so 
re-form stable silicates. 

The high nitrogen and carbon pctentials in the 
furnace may bring about the formation of nitrides, 
carbides, or carbonates of elements for which these 
compounds are particularly stable, in spite of the 
fact that the nitrides themselves become progressively 
unstable as the temperature is increased. Unfortun- 


N, = 2KCN(NaCN). 





* The data available’ indicate that sodium carbide. 
in either the gaseous or the solid state, is of little 
importance compared with sodium cyanide. 
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ately there appears to be no published thermodynamic 
data on carbo-nitrides, and even those on simple 
nitrides are not very reliable. The most important 
carbide- and nitride-forming element present in the 
furnace is titanium. Curves have therefore been 
plotted, in Fig. 9, for the oxygen potentials of the 
systems 

TiN + O, > TiO, + 4N, 

TiC -- O, + TiO, + C. 
The location of these lines relative to that for C-CO 
(2 atm.) indicates that both titanium nitride and 
titanium carbide can exist in the hearth at 1480° C., 
provided that titania is present in the slag at 
potentials of — 30 and — 17 kg.cal. respectively— 
values which are equivalent to activities of 2 x 10-4 
and 8 x 10-3. They are thus to be expected as 
blast-furnace products, and are, in fact, frequently 
found together as titanium carbo-nitride, Ti(C,N). 


Slag Formation 
Unfortunately it is not possible to deduce much of 

interest from the existing information on the thermo- 
dynamics of slag compounds. This is due partly to 
the complexity of the process of slag formation and 
partly to the lack of any precise thermodynamic data 
on alumino-silicates, of which all blast-furnace slags 
are essentially constituted. Almost all that can be 
said is that the silicates, aluminates, and alumino- 
silicates, are stable relative to the free oxides of 
which they are composed, at all temperatures. The 
fluxing action of lime is therefore controlled by kinetic 
considerations, and the temperatures at which this 
can proceed at any significant rate are those at 
which the products of the reactions are liquid. At 
lower temperatures the rates will be dependent on 
diffusion processes in the solids. Most of these are 
not finely divided and such processes will therefore 
be relatively slow, especially since the reaction pro- 
duct is built up between the two reacting materials 
and thus slows down the reaction still further. When 
the reaction product is liquid, however, the pressure 
forcing the burden together will squeeze out the 
liquid as it is formed and so permit further reaction 
between the solids to proceed. The lowest eutectics 
for the simpler systems concerned are approximately 
as follows : 

CaO. SiO, 1440° C. ; 

CaO, Al,O, 1400° C. ; 
The heat evolved by reaction between these different 
oxides to form specific compounds is generally con- 
siderable and is frequently greater than the latent 
heat required for fusion, so that once reaction has 
started it may be expected to proceed smoothly. 
In the case of the CaO, SiO,, FeO eutectic, however, 
it is clear that, as the liquid slag runs down, the FeO 
will be reduced to iron by the coke and the CO gas, 
and the solidification temperature will increase. If, 
therefore, the slag is to remain liquid, it must move 
to hotter parts of the furnace as fast as its melting 
point is raised. Since the removal of the FeO 
markedly increases the melting point, it is unlikely 
that slag formation can proceed continuously until 
temperatures about 100° C. higher are reached, 7.e., 
about 1200° C. 


CaO. SiO,, FeO 1120° C. ; 
CaO, Al,O,, SiO, 1300° C. 
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Passage of Elements into the Iron 

The concentration of such elements as phosphorus, 
sulphur, silicon, and manganese in the liquid iron, 
is ultimately controlled by the conditions existing 
in the liquid slag at the bottom of the furnace. 
In practice, small drops of liquid metal broken 
up by the blast run down through the slag 
layer and then join the bulk of the metal in the 
hearth. Once this has happened there is little 
opportunity for the slag and metal to react 
together, since the area of contact between the two is 
relatively small and there is nothing to cause circula- 
tion of the metal. There is, for instance, no evolution 
of gas from the lower levels of the metal, and the 
temperature increases from top to bottom. It is 
therefore impossible for equilibrium between the 
whole of the metal and of the slag to be attained in 
practice. The metal should, nevertheless, have a fair 
chance to react with the slag while it passes through in 
small drops. The drops will be well stirred as they 
fall, and it is therefore likely that each moves 
considerably towards equilibrium with the slag as it 
passes through. In practice, however, there is the 
complication that the slag temperature and both the 
metal and slag compositions vary continuously 
during the working of the furnace. It is thus to be 
expected that the metal will tend to consist of layers 
of varying compositions, depending on the slag 
composition and temperature existing at the time each 
layer is produced. In this connection it will be 
shown that, under normal conditions, fluctuations 
of temperature and of slag thickness are mainly 
responsible for the variation in the composition of the 
metal. 

As already shown in the discussion of Fig. 6c, 
the probable mechanism for the transfer of phos- 
phorus from calcium phosphate to the iron would 
appear to be reduction to phosphorus vapour in the 
gas stream, followed by pick-up by the descending 
liquid and solid iron. Thus the iron drops probably 
contain most of their phosphorus before entering 
the slag. This conclusion is borne out by the fact 
that phosphorus is virtually never recorded in blast- 
furnace slags—a result which would be rather 
unlikely were the phosphorus picked up by the metal 
from the slag on passing through. On the other 
hand, there is no tendency for sulphur, which may 
have come into the iron from the original ore or 
have been picked up from the gases by the metal, 
to pass into the furnace gases. It can thus be removed 
only by contact with liquid slag under reducing 
conditions. It is likely therefore that most of the 
sulphur removal is carried out in the slag layer as 
the metal drops fall through. So far as manganese 
and silicon are concerned, it is not immediately obvious 
whether the iron will lose these elements to the slag 
or take them from it. 

It is certain, therefore, that the passage of 
elements between slag and metal is considerable, 
and should be markedly influenced by the theoretical 
equilibrium between the two. This will be governed 
by the prevailing oxygen potential in the slag, which 
normally contains considerable quantities of coke 
throughout. For a drop of metal falling through the 
slag, therefore, the oxygen potential will be approx- 
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imately that for the system C—CO at a pressure of 1} 
to 2 atm., according to the practice used. This is 
the pressure against which CO has to form, and it is 
made up of the gas pressure at the bottom of the 
furnace plus the local pressure due to the head of 
slag at any point, and a probably small supersatura- 
tion pressure due to the difficulty of producing 
bubbles of gas in the liquids. At 1400° and 1500° C. 
the potentials read from the graph for the C—CO line 
at 14 and 2 atm. are as follows: 

Potentials. kg.cal., at: 

1400° C 1500° C, 

120-9 124-9 
119.0 122-9 


1-5 atm. 
2-0 atm. 

As was shown in the theoretical introduction, the 
various elements will endeavour to distribute them- 
selves between slag and metal so that they are in 
equilibrium with these controlling oxygen potentials. 
For such conditions it is a simple matter to calculate 
from the diagrams and equation (15) the equilibrium, 
and hence limiting relationships, between the activities 
of the elements dissolved in the metal, and of the 
compounds dissolved in the slag, the standard states 
of unit activity being the pure metals and oxide 
compounds. The difficulty is to translate these 
calculated activities into percentage concentrations ; 
to do this requires experimental data on the relation- 
ships between the activities and the concentrations 
of the dissolved substances under the conditions of 
temperature and concentration in which they are to 
be applied. Some information exists for manganese, 
sulphur, and silicon in iron; unfortunately, very 
little is available for phosphorus in iron or for any of 
the oxides in liquid blast-furnace slags. At the 
present time, therefore, the further step of converting 
the activity relationships directly to concentration 
relationships is not possible. From the manner in 
which the activity relationships are influenced by 
temperature, one can, however, obtain an indication 
of how the concentrations will be affected by this 
variable (since the ratio of activity to concentration 
is seldom markedly affected by temperature) and, for 
a constant slag composition, how the partition of 
elements between slag and metal will be changed. 

In the ensuing paragraphs these activity relation- 
ships are calculated for manganese, silicon, sulphur, 
and phosphorus. Certain thermodynamic properties 
are also calculated for a hypothetical slag in 
equilibrium with a typical blast-furnace metal con- 
taining 1° of manganese and silicon, and 0-1% of 
sulphur. The purpose is to see how closely equilibria, 
with respect to these elements, may be approached in 
practice and to deduce the direction of the exchange 
of these elements between slag and metal. 

Manganese—The equilibrium system, for which the 
oxygen potentials are shown in line A, Fig. 6a, is 
that of the pure oxide and metal (both at unit 
activity), as represented by the equation 

2Mn + O, = 2MnO 
Potential at 1400° C = — 125-2 kg.cal., 
at 1500°C = — 121-2 kg.cal. 

The equilibrium of interest here is that between 
manganese dissolved in iron, and manganese oxide 
dissolved in slag, as represented by the equation 

2[Mn] + O, = 2(Mn0O). 
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As indicated by equation (16), the manganese will 
partition itself between slag and iron in such a way 
that, if x is the difference in kilogram calories, at any 
temperature 7', between the controlling oxygen 
potential given by the appropriate C-CO line, and 
the oxygen potential given by the pure phase 
Mn-Mn0O line, then 
- a*( MnO) 

2% = RT log, an) a 
It is thus possible to calculate ayymo)/@{mnj, a8 in the 
following : 


At 1-5 atm. Pressure At 2-0 atm. Pressure 


1400°C. = 1500°C. =. 400°C. ——-1500°C. 
C-CO potential, 
kg.cal. ... —120-9 —124-9 —119-0 —122-9 
Mn-—MnO potential, 
kical. (ss. —125-:2 —121-2 —125-2 —121-2 
a 
2RT log, te) oe Me) ee 
a[Mn]} 
t 
ae) 19 O68 25 08 
a(Mn} 


With a fixed MnO activity in the slag, the effect of 
rising temperature will be to assist the reduction of 
manganese into the metal. The MnO activity in a 
slag in equilibrium with blast-furnace metal contain- 
ing 1% of manganese at 1480° C. may be calculated 
quite simply. The line corresponding to the system, 
[Mn] 1%-O,-(MnO),j.¢, must cut the C-CO line 
for 2 atm. at 1480°C. This point happens to lie on 
line I in Fig. 6a, and 32 kg.cal. below line II. It 
follows that the chemical potential of the MnO in such 
a slag would be —16 kg.eal. (i.e., one-half of 32), 
corresponding to an activity of 0-01. 

Silicon—Since no data are available on alumino- 
silicates, some other silicate equilibrium has to be 
considered for the purpose of calculation. “The most 
relevant is that shown in Fig. 5 and represented by the 
equation 

Ca,SiO, = 2CaO + Si + O,. 

By the same procedure as was adopted for man- 
ganese, the appropriate equilibrium relationships may 
be calculated as follows : 


At 1-5 atin. Pressure At 2-0 atm. Pressure 


1400° C. 1500° C. 1400° C. 1500° C. 
C-CO potential, 
kg.cal. .. ... —120-9 —124-9 —119-0 —122-9 
Si—Ca,SiO, potential. 
kg.cal. —170-5 —166-1 —170-5 —166-1 
RT loge— OM) 49-6 +. 41-2 4 51-5 443-2 


Argi) a (CaO) 
_8(Ca,Si04)_ 
“sy (cao) 

It can be seen that for a fixed activity of lime 
and calcium silicate in the calcium alumino-silicate 
slag, the activity of silicon in the iron, and hence its 
concentration, is markedly increased by rising 
temperature. The SiO, activity in a slag in equili- 
brium with blast-furnace metal containing 1% of 
silicon and 3% of carbon at 1480° C. may be calculated 
as in the previous example for manganese. The line 
corresponding to this system must cut the C-CO 
line for 2 atm. at this temperature. This 
intersection point lies 16 kg.cal. below line II, so 
that the chemical potential of the silica in the slag 
is about —16 kg.cal., corresponding to an activity of 
0-01. 


3x10* 0-1x10® 5x10* 0-2x10° 
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Sulphur—The appropriate equilibrium system is 
represented by line I in Fig. 6d for the equation : 


2CaO + 2FeS = 2CaS + 2Fe + O, 


and the equilibrium relationships may be calculated 
as follows 


At 1-5 atm. Pressure At 2-0 atm. Pressure 
1400° C, 1500° C. 1400° C. 1500° ©. 
C-CO potentials, 
kg.cal. ... —120-9 —124-9 —119-0 —122-9 
CaO-FeS-CaS 
potential, kg.cal. —71-1 -—68-2 -—71-:1 —68-2 
Q-a0) 2 Fes 
2RT log, C20) (Fes) _49.8 —56-7 -—48-9 —64-7 
(Cas) 
Cir lien 
a) 5<10-* 3x10-* 610-4 410-4 


“cas) 


The significant effect of temperature in raising the 
proportion of the sulphur in a slag of fixed lime 
activity and in lowering the concentration in the 
metal is immediately evident. 

Line IT is the corresponding curve for the reduction 
of sulphur into iron at 0-1°% concentration when the 
metal is saturated with carbon. For this condition, 
which is typical of some blast-furnace practices, the 
ratio of activities of lime and calcium sulphide in an 
equilibrium slag have been calculated. The line for 
this system must cut that for C-CO (2 atm.) at 
1480°C., and the amount by which this oxygen 
potential falls below that for line II at the same 
temperature (29-4 kg.cal.) is equal to twice the 
difference between the (CaO) and (CaS) potentials, 
t.e., AuCaS — AuCaO = 14-7 kg.cal. : accasy/accag) = 
68. 


Phosphorus—The equation used here is that for line 
I, Fig. 6c : 
2Ca,P,0, = §CaO + 2P, + O, 
and the calculated results are as follows : 


At 1-5atm,. Pressure At 2-0 atm. Pressure 
1400° C. 1500° C. 1400° C. 1500° €. 
C-CO potential, 
kg.cal. .. «-. —120-9 
CaO-P,-Ca, P 205 


—124-9 —119-0 —122-9 


potential. kg.cal. —124-9 —119-3 —124-9 —119°-3 
Ain 
RT bog, oS. + 4-0 —~ 5-6 +59 — 8-6 
@ cao) “(P,) 
a 
a. 20 0-02 85 0-08 


@(Ca0) %P,] 


The use of an equilibrium equation containing the 
factor arp,], for the activity of phosphorus in the 
metal, does not involve the assumption that phos- 
phorus is actually present in the metal in that form. 
If, as is most likely, it is present as separate atoms, 
then the activity ap.) is precisely related to the 
work to convert two phosphorus atoms from the 
metal into P, vapour, in its standard state at 1 atm. 
pressure. Similarly, the use of the factor aca,p,o,) 
does not involve the assumption that the phosphate 
is actually present in the slag as tricalcium phosphate. 
As already explained, the reason for selecting this 
phosphate is that no thermodynamic data are avail- 
able for any other. On the assumption that phos- 
phorus in iron can be treated approximately as an 
ideal solution of Fe,P in liquid iron, it is possible to 
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estimate that at 1480°C. the 
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whether useful deductions can  ~'309— GOO a0 
be made from any difference 

between them. Hatch and 
Chipman®? have made studies 
of the sulphur equilibrium between iron and blast- 
furnace slag in graphite crucibles. The values 
they measured for the ratio (S)/[S] are about ten 
times greater than those obtained in blast-furnace 
practice. It would thus appear that the metal drops 
in the furnace are unable to lose sufficient sulphur 
to come to equilibrium with the slag as they pass 
through it. This is in line with the value of about 70, 
calculated here for the ratio ajcas)/a(cao) in an equili- 
brium slag. This value is impossibly high for a slag 
containing about 2 molar °% of calcium sulphide and 
45 molar °% of lime (on an oxide basis), even when 
allowance is made for a reasonably high activity 
coefficient for the sulphide and a reasonably low 
activity coefficient for the lime. 

If equilibrium with respect to sulphur is not 
achieved in practice, it must be due to mechanical 
and not to chemical reasons, so that equilibrium with 
respect to other elements is also unlikely to be 
attained. The value of —16 kg.cal., calculated for 
the chemical potential of SiO, in an equilibrium slag, 
seems too low for a blast-furnace slag, when it is 
remembered that the free energy of formation of 
CaO.SiO, from lime and silica, and hence the sum of 
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Fig. 10—Heat changes accompanying the major blast-furnace reactions 
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the chemical potentials of CaO and SiO, in the solid 
state, is only about —22 kg.cal. (as calculated by 
Richardson®? on the basis of the data cited under 
calcium silicates in the Appendix to this paper). This 
would suggest that the metal contains less than the 
equilibrium concentration of silicon, and that it fails 
to pick up sufficient as it passes through the slag. 

The studies of Taylor and Chipman,®® on the 
activities of FeO in CaO-SiO,—FeO slags, suggest that 
the activity of FeO (relative to pure FeQ) in blast- 
furnace slags is of the order of 0-03 at 1°/ concentra- 
tion by weight. It is likely, therefore, that MnO at 
1% concentration, which is typical of blast-furnace 
practice, would have a similar activity. The calcula- 
tion on the partition of manganese leading to an 
activity of 0-01 for MnO in an equilibrium slag, 
suggests that the manganese equilibrium also is not 
obtained in the furnace. The manganese content of 
the metal would seem to be less than the equilibrium 
value so that the manganese transfer, like that of 
silicon, is most probably from slag to metal. 

It is fully recognized that these results are mainly 
in line with well-established practice. They do, 
however, give some idea of the directions in which 
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elements are transferred between slag and metal 
and of the effects of temperature on this transfer. 
They also indicate that the deeper the slag layer over 
the metal, the more the iron is likely to lose sulphur 
and to gain silicon and manganese. So far as they 
go, the equilibrium activity relationships are strictly 
correct. Even if these various slag—metal equilibria 
were ultimately found to be more complex than the 
simple equations used here might suggest, the only 
result would be a complex relationship between 
activity and concentration for the various dissolved 
oxides and elements, whilst the activity relationships 
themselves would remain unaffected. One qualitative 
point of interest which emerges is that if variation 
in the composition of the metal, as tapped is due to 
variation in the basicity of the slag as the metal is 
laid down, the concentrations of silicon and sulphur 
should decrease and increase together. If the main 
cause of the variation is fluctuation either of the 
temperature at the bottom of the furnace or of the 
thickness of the slag, then the sulphur concentration 
would be expected to decrease as the silicon increased, 
and vice versa. Since the sulphur content in practice 
normally varies in the opposite sense to the silicon, 
temperature and slag thickness must be the main 
causes of the variations. 


HEATS OF REACTION 


The heat changes (AH°) for the various reactions 
considered in this paper can be taken as approxi- 
mately equal to the first terms in the equations for 
the oxygen potentials given in the Appendix. They 
vary, however, with temperature, and although these 
variations are often less than the limits of accuracy 
of the data as a whole, this is not always the case. 
In cases where the data are adequate, the variation 
of AH° with temperature is shown in Fig. 10, the 
sources of the data being, in these cases, the same 
as in the Appendix. 

There is no information available on the heats of 
formation of liquid slags, but an idea of the heats 
involved can be obtained from a knowledge of the 
heats of formation of silicates, phosphates, and 
aluminates, from their component oxides. These 
are often known at room temperature, and do not 
change markedly with temperature, since the molar 
specific heats of the compounds are nearly equal to 
the sum of the molar specific heats of the component 
oxides. These values are therefore directly applicable 
to high temperatures. Almost no latent heats of 
fusion of these compounds are known, most of the 
published figures being unreliable calculations based 
on phase diagrams. Very roughly, however, the 
entropy of fusion appears to be about 5-7 cal./degree/ 
gram-molecule of oxide in the compound. The latent 
heat in calories per gram-molecule of compound is 
thus approximately : 


{6 x (melting point in °K.) x (number of ‘ niole- 
cules’ of oxides in compound) }. 

The values of AH° for likely slag compounds are 

as follows, the unreliable value for sillimanite being 


shown in brackets. The sources of the data are those 
given under silicates in the Appendix. 
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Heats of Formation of Slag Compounds at 250°C. from their 
Component Oxides, in Kilogram Calories per Gram Molecule 


Compounds AH* 950 C. 
CaSiO, — “di » 3) gps 

Ca,SiO, ss sa ¥ son” 4 8B49 

Fe,SiO, “a Be vs er 

MnSiO, a bis ve sce: —-_ O5 

Na,SiO, is a A » —655 

MgSiO, be On bas <n ae 

Mg.SiO, a cy i, Jurtanio tee 

SiO,.Al,0, (sillimanite ) des o.. (—46) 


It is to be stressed that there are no reliable heat 
data on alumino-silicates, and that this represents 
a most serious gap in the knowledge of slags. It is at 
present impossible to make an estimate of the heat of 
formation of blast-furnace slag from its constituents. 

Significant heat changes are associated with the 
solution of various elements in iron. These may be 
taken as follows : 

4P (vapour) = [P] in liquid iron AH about —51 kg.eal. 

Si(liquid) {Si] 1° inliquidiron AH —29 kg.cal. 

Cigraphitey = [C]inliquidiron AH about + 12 cal.kg. 

For the corresponding compounds between iron and 
these elements, the values are : 


C(graphite) + 3Fex Fe,C(« or B) 


AH °s5 °c. = 5-5 kg.cal. 
P(yellow) -- 3Fex = Fe,P 

AH°s5° c, = — 39 kg.cal. 
4P vapour) -+ 3Fea Fe,P 

AH°95° c, = — 51 kg.cal. 
Si(solid) Fea = FeSi 

AH °20° ¢. 19 -2 kg.cal. 
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APPENDIX 
Data for Oxygen Potentials 


Much of the data used in the construction of the 
diagrams are the same as those cited in the previous 
paper on oxides*! ; where this is the case no references 
are given. The main additions are data for various 
carbonates, silicates, and certain phosphates, cyan- 
ides, and sulphides. For these it has been necessary 
in most cases to rely on calculations based on 
thermal measurements. The greatest inaccuracies in 
these measurements generally lie in the heats of the 
reaction at 25° C. These are nearly always determined 
by the difference between two large quantities. A 
heat of formation of 10 kg.cal., for example, may 
be determined from the difference between two 
measured heats of the order of 150 kg.cal., each 
subject to an error of about 1-2% or more, resulting 
in relatively large errors in calculations involving 
their difference. 


UNITS AND ACCURACY 


The following equations give the standard free 
energies of reaction (AG°) in calories per gram- 
molecule for the reactions as written. The values 
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of AG®° are identical with the oxygen or nitrogen 
potentials (Au°) of the systems concerned, relative 
to these gases at 1 atm. pressure. 

The curves are graded according to accuracy into 
four classes, as follows : 


Accuracy, 


Category kg. cal. 
en fobs ‘hae ‘ie des 1 J 
B Sate + 3 
C +10 
D +>10 
ALUMINIUM 
Oxide (4Al + O, A1,0,). Accuracy C 


AG“298-930° K. 256,600 + 43-37 
AG'°930-2318° K. - 257,500 + 44-37 
AG'°2318-2330°K. 240,200 + 36-8 7' 
AG'°2330-2500° K 321.600 + 71-87 


Al,O,.SiO, Sillimanite). 
Accuracy C 


46.000, from Klever®* 


Silicate (Al,0, + SiO, 


AH 298° K. 
CALCIUM 

Oxide (2Ca + O, = 2CaO). Accuracy C 

302,640 + 47 - 


g 7 
$07,100 + 51-37 
380.250 98.27 


AG °298-1124° K. 
AG °1124-1760° K. 
AG°1760-2500° K. 
Carbonate (CaO +-C + O, = CaCO,). Accuracy A 
AG°298-1300°K. = — 136.690 37-57 
Kelley’s data** were compounded with the data for 
CO, cited below. 
Phosphate (3P 5...) + O, -+ {CaO = 2CasP,0,). 
Accuracy C' 
AG“298-1993° K. — 219.400 + 56-47 
The equation recommended by Richardson and 
Jeffes,*+ for the reaction Pea.) + O, =?P,0;, 
was compounded with that for 3CaO + P,O; = 
Ca,P,0,, deduced from the following data: AH®,,.¢. 
= — 169,900, from the measurement by Matignon 
and Séon** of the reaction 3CaO + 2H,PO,;a,.) 
Ca,P,0, and of Frandsen™ for the reaction P,O; + 
3H,O = 2H3POyaq.) ; Cp CaO and P,O,, Kelley,?® 
Cp Ca,P,0,, Britzke and Veselovskii® ; entropy at 
25°C. of CaO from Kelley,*? of Ca,P,0, from 
Southard and Milner,® and of P,O; as estimated by 
Richardson and Jeffes, so that any error in this is 
cancelled from the final equation. 
Silicates (j) (2CaO + Si + O, = Ca,SiO,). 
Accuracy C 
1,200 + 42-27 


AG® 298-1700° K. 24 
250.500 + 47-67 


AG °1700-1986° K 
The curve was constructed from the equation cited 
under silicon for Si + O, = SiO,, and the following 
data for the reaction 2CaO + SiO, = Ca,SiO,: 
AH?®,-° ¢, = — 33,200, Johannson and Thorvaldson*; 
Cp CaO, Kelley?* ; Cp SiO,, Mosesman and Pitzer*® ; 
Cp Ca,SiO, above 25°C., Grunow and Schwiete!’ ; 
the entropy of Ca,SiO, at 25°C. is not known, so 
provisionally the entropy change in the formation of 
the silicate from its oxides at 25°C. has been taken 
as Zero. 
(ii) (Ca,SiO, + Si + O, = 2CaSiO,). Accuracy C 
AG°298-1700°K. = — 208,000 + 46-57 
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The equation recommended for Ca,SiO, (see (i)) was 
compounded with that for CaO + SiO, = CaSiO, 
deduced from the following data: AH°,.¢ = 
—21,300, Torgeson and Sahama® ; Cp CaO, Kelley*® ; 
Cp SiO,, Mosesman and Pitzer*®; Cp CaSiOg, 
Southard® ; entropies at 25°C. were taken from 
Kelley.” 

CARBON 
Oxides (C + O, = CO,). Accuracy A 
AG °298-2500° K. 94.200 — 0-207 
(2C + O, = 2CO). Accuracy A 
AG’ 298-2500° K. 53.400 — 41-90 T 
(2CO + O, = 2CO,). Accuracy A 


AG°298-2500° K 135.100 11-507 


Cyanogen (2C + N, = C,N,). Accuracy C 
73,000 — 12-17' 

The following thermal data were used: heat of for- 
mation at 25° C. from Stevenson® ; entropies at 25° C. 
from Kelley*?; high-temperature specific heats for 
carbon and nitrogen from Kelley”® ; and for cyanogen 
from Spencer and Flannagan, the latter values 
being extrapolated above 727° C. 

N, = 2HCN). 
Accuracy B 
60,000 — 14-07 


AG °298-2000° K. 


Hydrogen Cyanide (H, + 2C 


AG °298-2000° K. 

The following thermal data were used: heat of 
formation at 25°C. from Thomsen®; entropies 
at 25°C. from Kelley; high-temperature specific 
heats for carbon, nitrogen, and hydrogen from 
Kelley** ; for hydrogen cyanide from Spencer and 
Flannagan™ up to 727°C., and from Bryant® above 
this. 

CHROMIUM 

- O, = 3Cr,0,). Accuracy B 
11-40 7 
14-21 7' 


Oxide (4Cr 
178.500 


183,740 


AG°298-1868° K. 
AG? 1868-2500° K. 
HYDROGEN 
Water (2H, + O, = 2H,0). Accuracy A 
AG'°373-2500° K. 118,000 26-75 T 
IRON 
Carbide (Ccgrapnite) 3Fe = Fe,C). 
A596, = 5800 was taken from Seltz, 
McDonald, and Wells.*® 
Carbonate (1Fe,0, + 2CO, + 4CO = FeCO,). 
Accuracy C 


AG°298-700° K. 1 17,600 — 37-47 


Accuracy A 


The value recommended by Kelley” for the reaction 
Fey + Cragr.y $0, = FeCO,, which is based 
on thermal data, was compounded with the appro- 
priate data for Fe,0,, CO, and CO, cited elsewhere. 
This gives a total dissociation pressure of 1 atm. at 
247° C., which is rather lower than the 450° C. 
measured directly by Fleissner,!* but both figures are 
open to some doubt. It is to be noted that the ratio 
of CO, to CO in the gaseous products permits the 
formation of Fe,0, and not FeO, at either 
temperature. 
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Chromite (2Fe + 2Cr,03; + O, = 2FeCr,0,). 
Accuracy B 
AG °298-1808° K. = — 141.400 + 30-77 


This was derived from the equilibrium measure- 
ments of Boericke and Bangert! for the reaction 
FeCr,0, + H, = Fe + Cr,0, + H,O, combined with 
the equation already cited for the reaction 2H, + 
O, = 2H,0. 

Fayalite (2Fe + O, + SiO, = Fe,SiO,). 
AG*900-1478°K. = — 132,680 + 32-37 
AG'°1478-1508°K. = — 120,680 + 24-27 

These equations were calculated from the CO/CO, 
equilibrium measurements of Cirilli” and of Schenck, 
Franz, and Laymann,°* for the reduction of fayalite to 
iron and silica. Owing to the great importance of this 
reaction, an estimate was made of the latent heat of 
fusion of fayalite (12 kg.cal.) and the free-energy 
curve was thus extrapolated into the liquid-fayalite 
range. Although only an approximation as shown by 
a broken line, this part of the curve probably remains 
accuracy C. On account of the difficulties arising from 
the non-stoichiometry of wustite and possibly of 
fayalite, it is not possible to use thermal data for the 
calculations with reliability. 

Ilmenite (2Fe + 2TiO, + O, = 2FeTiO,). Accuracy C 
AG°298-1743°K. = — 137,100 + 32-6 7' 

This was derived from the data already cited for the 
reaction 2H, + O, = 2H,0, and the equilibrium 
measurements of Shomate, Naylor, and Boericke®® for 
the reaction FeTiO, + H, = Fe + TiO, + H,O. 
Oxides (4Fe,0, + O, = 6Fe,0,). Accuracy C 

AG°298-1460°K. = — 119,250 + 67-25 7 
(6FeOwwustitey + O. = 2Fe,0,). Accuracy C 


Accuracy C 


AG°843-1642°K. = — 149,250 + 59-8 7 
(2Fe + O, = 2FeOwwustite)). Accuracy B 
AG°843-1642°K. = — 124,100 + 29-90 7 
AG°1642-1808° K. = — 103,950 + 17-717 
AG°1808-2000°K. = — 111.250 + 21-677 


The curve shown in Fig. 10 for the heat of the 
reaction 2Fe + O, = 2FeO is based on the AH 
measured by solution calorimetry by Roth and 
Wienert,*4 and the appropriate specific-heat data. 
The AH values are considerably more negative than 
the first terms of the free-energy equations, which are 
derived entirely from equilibrium data. The cause of 
these large differences is not known. 


(3Fe + O, = $Fe,0,). Accuracy B 


AG°298-843°K. = — 133,900 + 41-17 
Phosphides (1P,,,,) + 3Fe = Fe,P). Accuracy C 

AH °298° K. - 51,000 

AG°298-1439° K. = — 51,000 + 11-37 


Weibke and Schrag’! measured the heats of forma- 
tion of Fe,P and Fe,P from iron and red phosphorus. 
When combined with the supposed heat of transforma- 
tion of red phosphorus to yellow, of — 4400 per 
gram-atom*® and Frank, Meisel, Juza, and _ Biltz’s 
data! on Fe,P, FeP, and FeP,, the following heats of 
formation are obtained for the compounds of phos- 
phorus and iron: Fe,P (635°C.) — 39,600; Fe,P 
(635° C.) — 38,900; FeP (1200°C.) — 29,400; 
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FeP, (930° C.) — 38,400. Since the accuracy of the 
determinations cannot be considered great, and red 
phosphorus is a mixture of two crystalline species, 
these values may be assigned to 25°C. without 
further corrections. The heat of transformation of 
yellow phosphorus to phosphorus vapour (P,) was 
calculated from data cited by Kelley®® for the trans- 
formation of 4Piyetow) to Pyvapoury (AH%25°¢. = 
+ 13,135), and P, to 2P, (AH%5-¢, = + 32,076), 
giving AH%);:¢ for the formation of Fe,P from 
Payvapour), according to the equation cited above, of 
— 50,$ 

On the assumption that the entropy of formation of 
Fe,P from solid phosphorus and iron is zero, an 
approximate equation can be obtained for AG®° for 
the reaction $P, + 3Fe = Fe,P, by combining 
Schrag’s heat of formation of Fe,P with the 
equations : 
(@) }P4(gas) = P (yellow) AG°298-317°k, = — 3280 + 6-15 
(b) $Po(gas) = FP 4 (gas) AG°298-1600°K. = — 8120 + 5-1 

Equation (a) is based on Kelley’s data?’ and equa- 
tion (5) is a linear approximation of Kelley’s equa- 
tion.®® Lines II, III, and V in Fig. 6c were obtained 
by compounding this equation with line IV and the 
data already cited for Ca,SiO,. 


T 
1 


Silicide (Si + Fe = FeSi). Accuracy C 
AH x92 ¢, = — 19,200, was taken from Kérber 
and Oelsen.%8 
Sulphide (2CaS + 2Fe ~ O, = 2FeS + 2Ca0O). 
Accuracy C 
126.700 + 37-87 
AG °411-1468° K. 124,600 + 32-77 
AG °1468-1808° K. — 115,300 + 26-37 
AG°1808° K.- — 122,400 + 30-27 
The data used were those of Kelley,*! for the 
reactions 2Ca + 8, = 2CaS and 2Fe + S, = 2FeS, and 
that cited by Richardson and Jeffes®! for 2Ca + O, 
= 2CaO. 


AG'°298-411° K. 


IRON SOLUTIONS 
Carbon (Cis-graphite) <i Feviquia) = [C}). Accuracy B 
AH °1473-1873° K. - 12,000 

By studies of the equilibrium between carbon in 
liquid iron and CO/CO, gas mixtures, Marshall and 
Chipman® obtained AG° = 26,400 — 26-45 7 for 
the reaction [C] + CO, = 2CO. The first term 
may be identified with AH° at 1550° C. for carbon at 
high dilution. When this figure of 26,400 is combined 
with values of AH°,5;o:c. for the formation of CO and 
CO, from £-graphite and oxygen, recommended by 
the National Bureau of Standards,#® AH°j559°¢. for 
the solution of graphite in liquid iron can be calcu- 
lated as + 12,200 and an approximate figure of + 12 
kg.cal. may be taken over the ranges of temperature 
and concentration of interest for the blast-furnace. 
No allowance can yet be made for the secondary 
effects of the dissolved silicon and phosphorus. 


Manganese (Mniiquiay + Fe(iquiay = [Mn]i1e, conen.)): 
Accuracy B 
AG°1500-1873°K. = — 9-17 
The free energy of solution of liquid manganese in 


liquid iron was taken as ideal, and this is in line 
with the experiments of Jette, Ellis, and Chipman,”4 
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on the partition of manganese between iron and iron 
oxide slags. The application to the blast-furnace 
can be only approximate since no data are available 
on the secondary effects of dissolved carbon, silicon, 
and phosphorus on the manganese. 
Phosphorus ($P vapour) + Feqiquiay = [P]%conen.)): 
Accuracy C 
AG°1473-1873°K. = — 50,800 + 3-37 

The free energy of solution of phosphorus in liquid 
iron can be estimated only very roughly, but its 
importance justifies an attempt being made. The 
equation for AG®° was calculated by summing the 
following : 


(a)P(yellow) + 2F e(solid) = Fe,P(solid) 
AG? = — 38,900 + 0-07 


(b) 4P4(gas) = Pryellow) AG° = — 3284 + 6-157 
(c) 4P (gas) = $ Pa(gas) AG° = — 8120+ 5-17 
(d) Fe,P(solia) = FesPoiquiay) AG? = + 6600 — 4-07 
(e) 2Feqiquid) = 2F e(solia) AG°® = — 7120 + 3-947 


(f) FegPaiquid) = [P]1% concen.) AG° = 0-—7-9T; 


Equat:on (a) is based on the heat term given under 
iron phosphide above, and the assumption that the 
entropy change is zero ; (6) is based on Kelley’s data,?” 
and (c) is a linear approximation to Kelley’s equation.®® 
Equation (d) is based on an estimated entropy of 
melting of 4 cal./degree at 1370° C., (e) on Kelley’s 
value,2® and (f) on assumed ideal behaviour of 
Fe,P in liquid iron. This may not be unreasonable 
as the heat of formation of Fe,P is little different from 
that of Fe,P, so that a large heat of solution of 
Fe,P is rather unlikely. 

Line VI in Fig. 6c was obtained by compounding 
the above data with that already given for the 
P,—Ca,P,O0, reaction. The application to the blast- 
furnace can be only approximate since no data are 
available which permit the effects of the dissolved 
carbon and silicon to be taken into account. 


Silicon (Sigiquiay + Fe = [Si]cez activity))- Accuracy B 
AH °1473-1973°K. = — 28,500 
AG°1473-1973°K. = — 28,500 — 0-647 

The heat of solution has been studied by Chipman 
and Grant,!° who obtained a value for AH° of — 28,500 
per gram-atom of silicon over the temperature range 
1600-1700° C. 

From the data on SiO, given later, and from his 
own data on the solution of oxygen in liquid iron, 
Chipman? has calculated AG*°;g0: c, for the solution of 
silicon in liquid iron at 1% activity as — 29,700, 
using the measurements of Koérber®’ on the system 
SiO,-[Si]-[O] at 1600°C. When combined with 
the above heat term, this gave the equation for AG°. 
Although the entropy change seems suspiciously small, 
the equation is probably correct at 1600° C., as it was 
deduced from measurements at that temperature, 
but it may be in error by 2-3 kg.cal. at 1200°C. 
The activity coefficient of silicon at 1% concentration 
in iron saturated by carbon (3%) is 3-1,° so that 
line II in Fig. 65 lies above line I (above the melting 
point of silicon) by the amount 

AG° = — 28,500 — 0-64 7' + 4-57 Tlog3-1, 
and may be extrapolated linearly to lower tempera- 
tures. The application to the blast-furnace can 
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be only approximate since there are no data which 
permit the effect of the dissolved carbon, phosphorus, 
and manganese to be taken into account. 


Sulphur (Sargas) + Fegiquia) = 28 ko. 1% conen. in 3%, C iron)) 
Accuracy B 
AG'°1473-1873° K. = 11-27 
The equation for this reaction was deduced from 
the equation of Chipman and Ta Li,” for the solution 
of sulphur in pure iron, and the activity coefficient of 
3-3 measured by Kitchener, Bockris, and Liberman,*5 
for low concentrations of sulphur in iron saturated 
with carbon. To obtain line II in Fig. 6d, this 
equation was compounded with that already given for 
the formation of CaO and the data recommended by 
Kelley*! for the formation of CaS. No account can be 
taken of the secondary effects of the dissolved silicon, 
phosphorus, and manganese under blast-furnace 
conditions. 


— 84,820 + 


MAGNESIUM 
Carbonate (MgO + CO, = MgCO,). Accuracy B 


AG °298-1000° K. 10-6 T 
This is a linear approximation of the equation 
proposed by Kelley,*® which is considered to be within 
the error limits of the data available. 


— 28,100 -+ 


Oxide (2Mg + O, = 2MgO). Accuracy C 

- 290,400 + 46-17 

+ 65-47 
102 -6 7'* 


A G°298-923° K. 
AG'°923-1380° K. — 298,400 
AG°1380-2000°K. = — 363,400 4 
Silicates (1) (MgO + SiO, = MgSiO,). Accuracy A 
(2) (2MgO +- SiO, = Mg,SiO,). Accuracy B 
The values of AH°s9g°x. for these reactions have 
been measured by Torgeson and Sahama,® who give 
the values — 8690 and — 15,120 for reactions (1) 
and (2) respectively. 


MANGANESE 
Carbonate (MnO + CO, = MnCO,). Accuracy C 
AG °298-1000° K. 27,000 11-77 

This is a linear approximation of the equation 
proposed by Kelley** ; it is considered to be within 
the error limits of the data available. The decomposi- 
tion products from manganese carbonate actually 
consist of MnO, Mn,0,, CO, and CO,.7° However, 
Mn,(, is stable only at CO/CO, ratios of the order of 
1/105 at temperatures up to 700° C., so that very little 
Mn,0, can be formed. It follows that the tempera- 
ture at which a total decomposition pressure of 1 atm. 
is obtained is very nearly that calculated for the 
simple equation above. 


Oxide (2Mn + O, = 2MnO). Accuracy B 


AG'°298-1500° K- - 183,900 + 34-63 7 
AG°1500-2051°K. = — 190,800 + 39-25 7 
AG°2051-2200°K. = — 162,200 + 25-257 


Silicate (Rhodonite) (2Mn + O, + 2Si0, = 
2MnSiO,). Accuracy C 
- — 190,400 + 37-47 


AG‘°298-1500° K. 3 
- — 197,300 + 42-07 


AG°1500-1547° K. 





* This equation has been corrected since the paper by 
Richardson and Jeffes.™ 
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The equations were calculated from the data given 
above for the reaction 2Mn + O, = 2Mn0O and for 
the following data for the reaction MnO + SiO, = 
MnSiO, : AH°s;:¢, = 6500, Le Chatelier® and Wolog- 
dine and Penkiewitsch’” ; Cp MnO, Southard and 
Shomate®; Cp SiO, Mosesman and Pitzer*5; Cp 
MnSiO,, Southard and Moore®; entropies of MnO 
and SiO, at 25°C. from Kelley** and of MnSiO, 
from Kelley.* 


POTASSIUM 
Carbonate ({K + 3C + O, = ?K,CO,). 
Accuracy D 

— 183,400 + 45-47 
— 184,200 + 48-27 

AG°1049-1170°K.= — 209,450 + 72-3T 

AG°1170° K.- — 204,250 + 67-9 T 

The first equation is based on De Forcrand’s value*® 

of AH°..°¢, = — 94,260 for the reaction K,CO, = 
K,0O + CO, and on the data cited elsewhere for K,0 
and CO,. Since the entropy of K,CO, is not known, 
the entropy change accompanying De Forcrand’s 
reaction was assumed to be the same as that for 
Na,CO, = Na,O + CO,, for which the entropies at 
25° C. were taken, as follows : Na,CO, from Kelley” ; 
Na,O and CO, from data cited in this paper for these 
oxides. It was decided not to use the carbonate- 
bicarbonate data cited by Kelley”’ since these lead to 
impossibly low values for AS*°,.°¢, for the full 
equation. The equations for AG®° above the melting 
point of potassium were constructed by taking 
account of phase changes only, since specific-heat data 
are inadequate. 


Cyanide (2K + 2C + N, = 2KCN). Accuracy C 
AG°298-337°K. = — 57,000 + 26-90 T 
AG°337-896° K. — 58,140 + 30-32 T 
AG'°s96-1049° K. — 51,140 + 22-50 T 
AG°1049° K.- - 88,980 + 58-58 T 

The calculation was based on the following thermal 
data: heat of formation at 25° C. from Thomsen® ; 
entropies at 25°C. for KCN, estimated from the 
specific-heat data of Messer and Ziegler; for 
potassium, carbon, and nitrogen from Kelley®; the 
heats of fusion of potassium and KCN from Kelley,?® 
and the heat of vaporization of potassium from 
Kelley.?’ Since there are no high-temperature specific- 
heat data for KCN, no allowance was made for 
changes in specific heats above 25° C. 

The curves involving both the cyanide and the 
oxide, carbonate, or silicate of potassium, were 
calculated by compounding the cyanide data with 
the data cited elsewhere for the other compounds. 


Oxide (4K + O, = 2K,0). Accuracy D 
AG°298-337°K. = — 172,400 + 57-6 T 
AG°337-1040°K. = — 174,700 + 64-4 T 
AG°1049°K.- = — 250,400 + 136-6 T 

The entropy of K,O is not known, but the import- 
ance of this reaction justifies an estimate being 
made. S8°0°¢. = 26-1 was adopted from com- 
parison of the values for Na,O, Na,SO,, and K,SO,, 
taken from Kelley.*2 Rengade’s value®® of AH®,;0¢. 
= — 86,200 was accepted, and other entropy and 

latent-heat data were taken from Kelley.?. * 

Specific heats above 25° C. were neglected since no 


AG °298-337° K. 
AG'°337-1049° K. 


lt 


ll Ii 


I Il 
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data are available for K,0, and phase changes 
only were taken into account when constructing the 
lines. 


Silicate ({K + 3Si + O, = 2K,Si0,). Accuracy D 


AG'°298-337° K. = — 238,500 + 48-0 7 
AG‘°337-1049° KK. = — 239,200 + 50-3 7' 
AG°1049-1250° K. = — 264,500 + 74-3 7 


AG°1250-1427° K. — 256,000 + 67-7 7 


For the reaction 3K,0 + 32Si0, = ?K,Si0O,, 
AH*,,0¢, was taken as — 63 + 3 kg.cal., from 
Kréger and Fingas,** and was combined with the data 
cited elsewhere for K,O and SiO,. Since the entropy 
at 25°C. and the high-temperature specific heat of 
K,SiO, are not known, its entropy of formation from 
its oxide and silica was taken as being the same 
as for Na,SiO,. The equations for higher tempera- 
tures were obtained by taking account of the phase 
changes only. 

(4K + 28i0, + O, = 2K,SiO,). Accuracy D 
- — 298,400 + 57-6 T 
— 300,700 + 64-4 7' 
136 -6 T 
116-6 T 


AG °298-337° K. = 
AG'°337-1049°K. = 

AG°1049-1250°K. = — 376,400 + 
AG°1250° K.- = — 351,400 + 


The same data were used as above. 


SODIUM 
Carbonate (Na + 3C + O, = %Na,CO,). 
Accuracy C 


AG°298-371°K. = — 180,700 + 44-5 7' 


AG'°371-1127° K. — 181,540 + 46-8 7 
AG°1127-1187°K. = — 176,870 + 42-77 
AG‘°1187° K.- = — 207,670 + 68-7 F 


Kelley* gives values for AG®,,°¢, and AS°g5°¢. 
for this reaction, calculated from Berthelot’s heat of 
formation of Na,CO,, and his own recommended 
values for the entropies at 25° C. of Na,COg, sodium, 
and carbon. Berthelot’s value is likely to be correct, 
for when taken with his value for the heat of formation 
of NaHCO,, and the well-established values for the 
heats of formation of CO, and H,0O, it gives AH°s,° ¢. 
for the reaction 2NaHCO; = Na,CO, + CO, + H,0O, 
in agreement with the value deduced from the 
dissociation pressures of NaHCO, by Caven and Sand.’ 
Since no high-temperature specific-heat data exist for 
Na,CO;, the equations above the melting point of 
sodium were calculated on the assumption that the 
effects of specific heats are negligible at these tempera- 
tures and that allowance need be made only for phase 
changes. The heat of fusion of Na,CO, is from 
Kelley.2® It may also be added that if the above 
data are compounded with those cited elsewhere for 
Na,O and CO,, the value of AH°,,° ¢. calculated for 
the reaction Na,O + CO, = Na,CO, is — 79-5 kg. 
cal., and so compares not unreasonably with De 
Forcrand’s value*® of —76-9 kg.cal. 


Cyanide (2Na + 2C + N, = 2NaCN). Accuracy C 


AG°298-371°K. = — 45,160 + 19-247 
AG°371-835° K. — 46,420 +- 22-64 7' 
AG°s835-1187°K. = — 37,700 + 12-207 


AG°1187-1770°K. = — 83,940 + 51-167 
AG‘"1770° K.- = 9380 + 9-04 T 
The curve for this reaction was calculated from the 
following data: heat of formation at 25°C. from 
Thomsen®; entropies at 25° C., for NaCN, estimated 
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from the specific-heat data of Messer and Ziegler,“ 
for sodium, carbon, and nitrogen from Kelley*®; 
heats of fusion and vaporization for sodium from 
Kelley.?’: 28 Since there are no high-temperature 
specific-heat data for NaCN, no allowance was made 
for specific-heat changes above 25°C. The vapour 
pressure of NaCN has been measured by Ingold”! up to 
1350° C., and from his values its boiling point and 
entropy of vaporization may be calculated. The 
fact, however, that the free-energy zero is crossed by 
the NaCN line at about 1360° C. indicates that at 
these temperatures the NaCN is decomposing. This 
has been confirmed by Guernsey and Sherman,}® and 
thus invalidates Ingold’s vapour-pressure measure- 
ments, in spite of their great consistency. It may 
be added that Ingold’s measurements of the vapour 
pressure of lead in the same apparatus are nearly 
twice the present accepted values, probably due to 
temperature errors. The degree of dissociation of 
NaCN vapour, measured approximately at 1000° C. 
by Guernsey and Sherman,!* leads to a value of 
AG’ iouorc. Of about —2-0 kg.cal. for the reaction 
2NaCN(vapour) = 2Na(vapour) + 2C -+ Ng. 
This is, in fact, consistent with the extrapolation of 
the line for NaCN vapour, calculated from the boiling 
point and entropy of vaporization of NaCN deduced 
from Ingold’s data, so that the latter may still be 
roughly correct. This part of the line has therefore 
been shown dotted. 

The curves involving both the cyanide, and the 
oxide, carbonate, or silicate of sodium, were calculated 
by compounding the cyanide data with that cited 
elsewhere for the other compounds. It is of interest 
to note that Ingold and Wilson” have studied the 
equilibrium, Na,CO, + 4C + N, = 3CO + 2NaCN 
around 900°C. Their values of its equilibrium 
constant, when compounded with the free-energy 
figures already recommended for Na,CO,; and CO, 
give the equation 

AG°835-1187°K. = — 42,900 + 17-7T 
for the formation of sodium cyanide from its elements. 
This agrees with that recommended above at 660° C., 
and leads to a value 3600 more negative at 25° C. 
It corroborates the combined equation for cyanide 
and carbonate on which the curve in Fig. 9 is based. 


Oxide (4Na + O, = 2Na,O). Accuracy C 
194,520 + 55-2 7' 

- — 197,000 + 62-07 
289,500 + 139-97 


AG °298-371° K. 
AG°371-1187° K. 
AG°1187-1500° K. = 


Silicate ({Na + 3Si + O, = 3Na,Si0,). Accuracy C 


AG'°298-371° K. = — 240,800 + 47-27 
AG°371-1187°K. = — 241,700 + 49-57 
AG“1187-1361°K. = — 272,500 + 75-4 T 
AG°1361-1700°K. = — 264,400 + 69-5 T 


AG°1700° K.- - 270,600 + 73-27 


The data used were those cited elsewhere for 
4Na+ O, = 2Na,0 and Si+ O, = SiO,, and the 
free-energy change for the reaction Na,O + SiO, = 
Na,SiO,, which was calculated from the following 
data: AH 5-¢. = — 55:5 kg.cal., Kroger and 
Fingas*® and Troitzsch®®; Cp Na,O estimated by 
Naylor*?; Cp SiO, Mosesman and Pitzer*>; Cp 
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Na,SiO, Naylor’; all entropies at 25°C. from 
Kelley.*? 
(4Na + 2Si0, + O, = 2Na,SiO,). Accuracy D 


AG °298-371° K. - 805,500 + 55-27 


AG°371-1187° K. ~ 808,000 62-07 
AG°1187-1361° K. = — 400,500 139 -9 T 
AG°1361-1986° K. 376,300 122-17 

The same data were used as above. 

SILICON 

Oxide (Si + O, = SiO,). Accuracy B 
AG °298-1700° K. — 208,300 + 43-307 
AG'°1700-1986° K. 217,600 + 48-79 7 
AG’ 1986-2200° K. - 215,500 + 47-73 7 


These equations are the same as those quoted 
previously,®*! but the melting point of cristobalite has 
been altered to 1713° C. in accordance with the data 
recommended by Mosesman and Pitzer.4° The heats 
of the transitions of quartz to tridymite (867° C.) and 
tridymite to cristobalite (1470° C.) are small compared 
with the likely error limits for the equations. For 
the sake of simplicity, therefore, the heats and 
entropies of these transitions have both been intro- 
duced into the equations at the melting point of 
silicon (1427° C.). 

TITANIUM 
Carbide (TiC + O, = TiO, + C). 
AG °298-1800° K. 160.400 

The equilibrium TiO, + 3C = TiC + 2CO has been 
studied by Brantley and Beckman,‘ but their results 
lead to an impossibly small value of AS° for their 
reaction. Since it is the trend of their results with 
temperature which is most likely in error, the values 
of AG® calculated from their results were plotted 
against temperature, and a line was drawn through 
their mean with a slope equal to AS*,;-¢, calculated 
from the following values: TiC, Kelley**; TiQO,, 
Shomate** ; O, and C, Kelley.** The equation for the 
line so obtained, AG° = + 107,000 — 80-5 7, was 
combined with that for 2C + O, = 2CO (see p. 415.) 


Nitride (TiN +- O, = TiO, + 4N,). Accuracy C 
AG 298-1800°K, = — 137,200 + 18-5 7' 

AH°s;>¢, was taken from Neumann, Kréger, and 
Kunz,‘ and the entropies at 25° C. as follows: TiN, 
Shomate*’ ; TiO,, Shomate*; O, and N,, Kelley. 
The extrapolation of the line to higher temperatures 
involves the approximate assumption that the high- 
temperature specific heats are additive within the 
error limits. 


Accuracy C 


38 -6 T 


VANADIUM 
Oxide ($V + O, = 3V,0,). Accuracy D 
AG °298-2008° K. = 197,800 + 38-9 7' 
The data used are those cited previously,*! but the 
value of AH°s;>~. has been corrected. 
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Corrosion Inhibitors for Steel 


By W. G. Palmer, M.A., Sc.D. 


SYNOPSIS 


Many inhibitors, added to water or chloride solution in amounts insufficient to stop attack altogether, 
produce localized attack, which is more intense than the general corrosion met with in the absence of an 
inhibiter. Inhibitors which are free from this danger are, in most cases, inefficient. It is believed that the 
danger is connected with the formation of blister-like membranes over the sensitive points, which prevent 
the access of the inhibitor to those very points where it is required. By using suitable mixtures of phosphate 
and chromate (or phosphate and persulphate), so that any substance precipitated will not be ferrous 
phosphate but ferric phosphate (a crystalline non-membranous body), the danger can be avoided. Even if 
the mixture is added in an amount too small to stop corrosion altogether, no intensified corrosion or 


pitting is observed. 


FOREWORD 
By U. R. Evans, M.A., Sc.D., F.R. S. 


Of the two main classes of inhibitors, neither is 
entirely satisfactory in preventing the corrosion 
of steel. The reasons have been discussed else- 
where.}: 2; 3; 4 

A cathodic inhibitor causes an otherwise corrosive 
water to throw down a sparingly soluble substance 
on the cathodic zone, as a result of the corrosion 
reaction. This layer, which is usually visible and which 
may be subsequently converted to a clinging form of 
rust by interaction with the anodic product, tends to 
slow down the reaction, but often the rate of corrosion 
becomes negligible only after an appreciable amount 
of attack has actually occurred. On the other hand, 
most cathodic inhibitors are ‘ safe,’ in the sense that, 
if added in insufficient amount, the effect is no worse 
than if no inhibitive treatment had been attempted. 

An anodic inhibitor is generally a substance which, 
when added to a ferrous salt solution, precipitates the 
iron.* There is some difference of opinion on whether 
the protective layer formed on the metal has the same 
composition as the precipitate thrown down in the 
manner described, but undoubtedly the presence, in 
water, of a substance which prevents the existence of 
iron ions in appreciable concentration, provides con- 
ditions favourable to the building up of a truly pro- 
tective film, which is usually invisible. If added in 
sufficient quantity, an anodic inhibitor is usually very 
efficient—far more so than a typical cathodic inhibi- 
tor—but the quantity needed increases if the water 
contains chlorine ions (or other anions forming soluble 
iron salts). If too little is added, soluble iron chloride 
is formed at the most susceptible points, and reacts 
with inhibitor at a distance from the metallic surface, 
forming a loose blister, which prevents the inhibitor 
reaching those points where it is most needed. The 
combination of small anode and large cathode causes 
very intense local attack, and the loss of thickness at 
the pit formed below the blister may be greater than 
if no inhibitor had been added. Anodic inhibitors 


* The range of pH at which inhibition occurs may not always 
correspond to that over which precipitation occurs on addition 
to ferrous salt solution; probably this is because the pH value 
at a metallic surface differs from that in the body of the liquid. 
There are certain adsorption inhibitors which act specifically at 
the anodic areas of an iron specimen, probably by simple attach- 
ment to the bare metal, but which do not give a_ precipitate 
when added to a ferrous salt solution. 
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are efficient if added in sufficient quantity, but are 
dangerous if added in a quantity barely enough to 
stop attack. This presents a difficult problem, since it 
is almost impossible to define the sufficient quantity. 
The concentration which would be ample to prevent 
corrosion at easily accessible parts of a surface may 
be insufficient at crannies, where replenishment is 
slow. 

The places where intensified attack may occur in a 
liquid containing barely enough of an anodic inhibitor 
include the following : 

(i) At sensitive points, where the invisible air- 
formed oxide film on the metal is discontinuous, 
owing to surface defects or inclusions, or where 
subsequently formed films tend to rupture spon- 
taneously owing to local internal stresses in the 
metal, a membranous blister, round or elongated, 
will probably be formed ; when broken open it is 
likely to reveal a pit. 

(ii) At the water-line on a partly immersed plate, 
there may appear, instead of an ordinary blister, a 
‘box’ of triangular cross-section, its upper side 
being a curved membrane attached to the meniscus 
surface. Within the box the metal suffers severe 
grooving. On steel 0-08 mm. thick and in solutions 
containing sodium chloride and sodium carbonate 
in unsuitable proportions,®> the grooving may 
develop into perforation along the water-line, within 
three weeks. The meniscus provides, not only a 
crevice inaccessible to the replenishment of inhibi- 
tor, but a place where the blocking substance may 
easily adhere to the liquid/gas interface, instead of 
the liquid /metal interface, and will then fail to form 
a protective film ; there may be other reasons for 
the specific attack at this level. 

(iii) At crevices formed where two steel surfaces 
come close together, or where a non-metallic sub- 
stance rests on the steel, the difficulty of replenish- 
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ment may set up attack. In certain types of 
cooling plant, debris such as string, cotton waste, 
or even rust or mill-scale from some other part of 
the system, may settle on the steel surface and, if 
the area screened represents only a small fraction 
of the whole, the dangerous combination of large 
cathode and small anode may set up intense localized 
attack. 

(iv) In some plants, where the water circulates 
rapidly along the main channels, there may be side 
tubes or corners, where conditions are stagnant, 
which will militate against replenishment. 

(v) Steel which has become covered with patches 
of rust through exposure to the atmosphere and 
which is ‘ actively’ corroding (producing ferrous 
salts) below the rust, is difficult to deal with by 
means of inhibitors, since these will often interact 
with the ferrous salt, forming a membrane over the 
outer surface of the rust patch, which will prevent 
the inhibitor soaking in and reaching the metal. 
The logical method of dealing with these difficulties 

appears to be the adoption of an inhibitor or inhibitive 
mixture chosen to precipitate iron salts in a non- 
membranous form. It has been suggested that such 
a plan can, at least, avoid intensification of attack. 
Roetheli and Cox® studied the effect of chromate 
additions on the corrosion caused by chloride solutions 
on moving specimens of different metals. [ron and 
zine suffered localized attack or pitting if the addition 
of chromate was insufficient. In the case of lead, the 
addition of chromate, in quantities insufficient to stop 
attack completely, produced no pitting. The attack 
remained general, although the diminution of cor- 
rosion was not very marked. This is probably con- 
nected with the fact that lead chromate is a substance 
which is precipitated as a powder, rather than as a 
membrane. The importance of this factor has perhaps 
been overlooked, but it appears to possess great 
possibilities. 

Dr. Palmer describes a research in which he uses 
phosphate and an oxidizing agent in combination, so 
that any precipitation of iron occurs as ferric phos- 
phate, a non-membranous substance, in the place of 


Introduction 

HEN solutions of chromic acid, or of alkali dichro- 
mate or chromate, are added to excess of a 
solution of ferrous chloride, the resulting clear 
dark-brown liquid remains free from precipitate, even 
after boiling. The addition of any soluble sulphate 
(e.g., of K, Na, or NH,) immediately induces a 
copious brown precipitate. A similar precipitate 
is, of course, immediately produced if a solution of 
ferrous sulphate replaces one of ferrous chloride. If, 
on the contrary, ferrous chloride is added to excess 
of the chromic oxidizing agent, a dark-brown and 

gelatinous precipitate forms immediately. 
The first product of the interaction is a positively 
charged sol, probably composed of the mixed 
hydroxides of iron and chromium, which is stable to 
singly charged anions, such as Cl~, but which is 
readily coagulated and precipitated by doubly 
charged anions, such as SO,~~, Cr,0,~~, or CrO,~~. 
Similar phenomena are to be observed when chromate 
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ferrous phosphate which forms typical membranes. 
He has tested these mixtures under numerous con- 
ditions—including stagnant and moving water, high 
and low temperatures—and has also sought to discover 
whether, when the addition of inhibitor is insufficient 
to stop attack altogether, the corrosion which still 
occurs is general or localized, and whether there is 
risk of dangerous pitting or grooving in the positions 
mentioned previously. The results have been en- 
couraging, and it seems that mixtures of phosphates 
and oxidizing agents may fairly be regarded as safe 
inhibitors, although phosphates alone, which produce 
typical membranes, are certainly dangerous inhibitors. 
The mixtures may also be regarded as reasonably 
efficient, as the concentrations needed to stop attack 
are lower than those needed with phosphate alone, 
and all the quantities are fairly low, even in the 
presence of chlorides—a condition where most 
inhibitors fail. 

If the phosphate and the oxidizing agent are present 
in the correct ratio, the mixtures seem to represent 
an inhibitive addition which is both safe and reason- 
ably efficient. Even if the addition made is insuf- 
ficient to prevent corrosion altogether, there appears 
to be no intensified attack or pitting. If, however. 
the proportion of the two constituents is wrong. 
intense attack becomes possible. As is shown in 
Dr. Palmer’s experiments of Series 20, the removal 
of phosphate by the calcium present in natural water 
may bring the ratio to a value consistent with pitting. 
Probably the removal of the oxidizing agent, e.g., by 
algae growing in cooling systems, might have a similar 
unfortunate effect. Furthermore, of the two oxidizing 
agents hitherto used, chromates must be regarded as 
toxic, and persulphates are unstable at high tempera- 
tures. Thus, it cannot be regarded as certain that 
the paper provides the final solution of the problem 
of providing an inhibitive addition which is both safe 
and efficient; but it is felt that, even if the present 
mixtures are considered to be unsuitable for certain 
industrial uses, the research does represent a definite 
step forward in the development of a satisfactory 
system of inhibitive-water treatment. 


or dichromate is reduced by other agents, such 2s 
hydroxylamine hydrochloride. 

These facts bear closely on the course of events 
during the subaqueous corrosion of iron in the presence 
of chromates or dichromates intended to act as soluble 
inhibitors. At the ‘weak spot’ X (Fig. 1), a fairly 
concentrated solution of ferrous chloride may develop, 
which, in contact with dilute chromate or dichromate, 
yields in the first instance the colloidal dispersion 
described above. Only at some distance from the 
weak spot, where the concentration of doubly charged 
anion suffices, is an irregularly shaped membrane of 
coagulum formed (Fig. la). This membrane is very 
probably intrinsically less permeable to Cr,0,~~ or 
CrO,-~ than to Cl~. Hence the localized corrosion is 
at most only partially stifled, and the original 
‘weak spot ’ tends to enlarge and deepen into a pit, 
which often assumes a characteristic stellate appear- 
ance, owing to the rupture and re-formation of the 
membrane at points on its circumference. The 
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Fig. 1—Corrosive and protec- 


in the oxide film 


dangerous local corrosion can be ultimately prevented 
if the disparity in specific permeability is offset by 
employing a sufficiently high concentration of 
chromate as inhibitor, but such a method would 
have only academic interest. 

On mixing a solution of a ferrous salt with a 
solution of potassium dihydrogen phosphate at room 
temperature, the liquid remains clear and no precipi- 
tate is produced, for ferrous acid phosphates are 
soluble. On adding dichromate to the mixture a 
precipitate of mixed ferric and chromic phosphates 
immediately forms, which, when inspected in the 
microscope, is seen to be crystalline. Indeed the 
whole reaction may be carried out on a slide under the 
microscope, when it is proved that the precipitate is 
crystalline from the moment of its formation. If, 
therefore, the inhibitor contains phosphate in suffi- 
cient quantity, as well as dichromate, it may be 
expected that the harmful membrane will be replaced 
by a crystalline plug at the mouth of the weak spot. 
(See Fig. 1b.) Such a plug will rapidly seal off and 
repair the weak spot, as, before this is accomplished, 
its material will not specifically antagonize the passage 
of dichromate ions. The role of the dichromate in 
such a mixed inhibitor is to ensure that ferric ions are 
formed as speedily as possible from the first corrosion 
product, thus guaranteeing a precipitate of crystalline 
material. Hence, it may be expected that other 
sufficiently powerful oxidizing agents would, in 
conjunction with phosphate, exert a similar beneficial 
action. The work to be described will show that a 
mixture of potassium persulphate and phosphate 
inhibits the corrosion of mild steel in chloride 
solutions at least as effectively as the more familiar 
dichromate mixture. 


APPARATUS, METHODS, AND MATERIALS 


For most of the experiments, test-pieces 2 cm. x 
7-5 em. were cut from mild-steel sheet 0°3 mm. 
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Fig. 2—Method of supporting test- 
tive action at a *‘ weak spot’ pieces 








20 cm. 






































<— 4 cm.» ' CY 


cm. 
Fig. 3—Apparatus for experiments 
at the boiling-point, with or 
without air stirring 


thick, which was free from mill-scale, and which had 
been thoroughly abraded with No. 1 emery cloth. 
An analysis of this material, supplied through the 
kindness of Dr. W. E. Hoare, was as follows : 


C,% «81, % 8,% P, % Mn,% Cu,% Al, % 


0-13 0-01 0-061 0-060 0-35 0-08 trace 


The specimens were cut and abraded to remove 
‘raw’ edges, and left in a desiccator for at least 
24hr. They were then washed in a stream of carbon 
tetrachloride immediately before immersion in the 
corroding solution. In tests with partially immersed 
pieces, a depth of 4 cm. was usually maintained. For 
experiments in stagnant solution at room temperatures 
with partial immersion (in tumbler glasses holding 
100 ml.) it was convenient to support each specimen 
vertically by inserting it into a partially split cork, 
which was itself carried on a short vertical rod that 
could be clamped to a long horizontal bar (see Fig. 2). 
Usually, 24 such supports, each with its test-piece, 
were in use simultaneously. Thorough examination 
of the test-piece in situ during a test was facilitated 
by the possibility of turning its cork support freely 
round the vertical rod, and the incidence of light at 
various angles, indispensable in judging the condition 
of the surface, was easily secured. For experiments 
with total immersion in stagnant solution, at room 
temperature, the cork support was replaced by a 
hooked glass rod, itself attached to a vertical clamped 
rod by a small cork, so that rotation was again 
facilitated. The glass hook was passed through a 
small hole drilled near the upper edge of the test- 
piece after cutting. (See Fig. 2.) 

Experiments were also made under conditions of 
continuous stirring and aeration by a current of air, 
and also at temperatures near the normal boiling 
point of water. For these it was convenient to use 
closed vessels of the form shown in Fig. 3. The 
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vertical side-tube served, when necessary, not only as 
a support for the vessel, but also as a condenser. 
The tubes could be placed in a boiling-water bath in 
sets of four. In experiments with aeration, air was 
drawn through the central tube, on which also the 
specimen was supported by a glass hook. By 
adjusting the axis of the vessel, if necessary slightly 
out of the vertical, it was easy to ensure that air 
bubbles flowed equally over both sides of the test- 
piece, or alternatively, over one side only. During 
all series of experiments, under whatever conditions, 
special care was taken to give identical treatment to 
each specimen, particularly in respect to movement 
of the specimen, addition of make-up fluid, depth of 
immersion, and all similar manipulative details. 

At the close of a test on abraded pieces any deposit 
adhering to the specimen was removed by firm 
treatment with a ‘ policeman,’ and allowed to fall 
into the liquid from which the specimen was with- 
drawn. Insoluble matter was then dissolved by 
adding sufficient hydrochloric acid and_ boiling. 
Solutions with surviving dichromate were then cooled, 
hydrogen peroxide was added, and the liquid again 
boiled, when dichromate was reduced to the chromic 
state and excess of peroxide destroyed. In tests 
where an oxidizing agent was not used, or did not 
survive, ferrous material in the corrosion product was 
oxidized by adding hydrogen peroxide to the acid 
solution, followed by enough aqueous ammonia to 
precipitate completely all iron as hydroxide, which 
was then redissolved in acid. In either case total 
corrosion product was finally estimated by titration 
with approximately N/20 (standardized) titanous 
chloride. 


DISCUSSION OF RESULTS - 


The first group of experiments, (for details see 
Section A. of the Appendix) were devised to test the 
efficiency of the inhibitor mixture when mild steel is 
exposed, under various conditions, to solutions of 
potassium chloride in distilled water. In Series 1, 2, 
and 5, evidence is given that in stagnant chloride 
solutions as concentrated as 0-2 M (14,800 p.p.m.) 
complete protection is given (at the laboratory 
temperature) by a mixture containing about 900 p.p.m 
of potassium dichromate and 7000 p.p.m. of potassium 
phosphate, KH,PO,, whether the specimen is half 
immersed or completely immersed in the liquid. In 
practice there is the probability of the inhibitor 
mixture becoming temporarily impoverished by 
extraneous influences. The results of Series 2, 3, 
and 4 afford some assurance that the immunity 
gained initially will ‘carry over’ sufficiently to 
obviate the onset of any dangerous type of corrosion 
in any period when the inhibitor becomes too dilute 
to prevent corrosion entirely. In particular, the 
results of Series 2 show that if the more vulnerable 
of the constituents of the inhibitor mixture, the 
dichromate, decreases from an initial concentratian 
of 900 p.p.m. to 150 p.p.m., a harmless general or 
distributed type of corrosion supervenes, quite 
distinct from the dangerous pitting type well known 
to be induced by insufficient chromate without added 
phosphate (e.g., see Section A., Series 1, experiments 3, 
4, and 5). In the absence of extraneous effects the 
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consumption of dichromate is equivalent to the total 
corrosion (Series 10). Conditions will frequently 
arise in which the aqueous corroding liquid is in 
rapid and continuous agitation, but the results of 
Series 6 (agitation by shaking in closed vessels) and 
Series 10 (agitation by air current) indicate con- 
clusively that, at the laboratory temperature, the 
inhibitor mixture is as fully protective under these 
conditions as in those of stagnant liquids. 

In the hope that efficient protective action might 
be afforded by the dichromate-phosphate mixture, 
even in hot saline solutions, the experiments in Series 
8, 9, and 10 at 90-100°C. were undertaken, and 
yielded rather puzzling results. When the inhibitor 
mixture was composed of dichromate and secondary 
sodium phosphate (Na,HPO,), operating in stagnant 
aqueous potassium chloride (7400 p.p.m.), the pro- 
tective action was excellent, but if the primary 
potassium salt, KH,PQ,, used in all the previous 
successful experiments, replaced the sodium salt 
(with consequent fall of pH), protection was seriously 
diminished, and some pitting of the specimens 
occurred. The experiments in Series 9 proved that 
the mixture with Na,HPO, was no less satisfactory 
when the hot liquid was stirred by the passage of an 
air current, but under these conditions (Series 10) 
KH,PO, seemed equally effective. 

An attempt was made in Series 7 to determine the 
relative efficiency of primary and secondary phos- 
phate, or, in other words, the effect of variation of 
pH on the protective action of the dichromate- 
phosphate mixtures. It might have been expected 
that, as the pH rose and dichromate was progressively 
replaced by chromate, the inhibiting efficiency would 
fall, for chromate is a less potent oxidizing agent than 
dichromate, but no evidence was found for any such 
diminution of efficiency between a pH of about 5 
and a pH of about 12. The experiments were con- 
fined to stagnant potassium chloride solutions 
(7400 p.p.m.) at laboratory temperature. 

The theory of the protective action of dichromate- 
phosphate mixtures outlined at the beginning of this 
paper assigns to the dichromate, as its chief role, an 
oxidizing action sufficiently rapid to ensure that 
(crystalline) ferric phosphate is deposited at a weak 
spot, which is the seat of primary corrosion. The 
contemporaneous deposition of chromic phosphate is 
doubtless not unhelpful in healing the weak spot, but 
it is not an essential feature. Other oxidizing agents 
of sufficient power might therefore exert, in con- 
junction with phosphate, protective action comparable 
with that of dichromate. A development in this 
direction is most desirable, for the toxic properties of 
chromates and dichromates could preclude their 
employment in many conditions of water treatment. 
The experiments of Series 12, 13, and 14 are devoted 
to a study of the protective action of potassium per- 
sulphate—potassium phosphate mixtures. The use of 
persulphates must be limited to normal temperature 
conditions, owing to their instability at higher temper- 
atures. The results in this Section, on the whole, 
corroborate the theory, and indicate that the use of 
persulphate—phosphate mixtures would be effective, 
but they differ in action from dichromate—phosphate 
mixtures in their greater sensitiveness to pH—they 
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are effective only in the range of pH 7to9. However, 
there would not necessarily be any real difficulty in 
maintaining such a limited range in practice, for the 
phosphate is strongly buffering. 

The experiments on dichromate—phosphate mix- 
tures, detailed in Section B., were aimed at testing 
their efficiency: (a) in natural waters, and (b) in 
preventing further corrosion on material which had 
already rusted. Series 15 gives tests in sea water, 
Series 16, 17, 18, 20, and 21 give tests under a wide 
variety of conditions in the hard Cambridge tap 
water, and Series 19 some tests in the soft Tees 


Valley tap water. As expected, the concentration of 


both constituents of the inhibiting mixture may be 
markedly reduced, because of the relatively small 
saline content of these liquids. Even in sea water a 
mixture containing 80 p.p.m. of dichromate with 


{ 
approximately 100 p.p.m. of phosphate suffices, and 
with the tap waters 50 p.p.m. of dichromate is ample. 
In hard waters the formation of insoluble calcium 
phosphate must be allowed for in estimating the 
amount of phosphate to be employed in the inhibitor 
(Series 20). The results in Series 17 and 18, at 
concentrations of inhibitor mixture too low to ensure 
complete protection, demonstrate again that when 
corrosion sets in, it remains of a distributed type. 
The tests on pre-rusted specimens, and on specimens 
with mill-scale, gave rather erratic results, not easy 
to generalize, and it cannot be claimed that the 
inhibitor mixtures operate so effectively in these 
strenuous conditions as they do on abraded surfaces. 

The chart of minimal amounts of inhibitor, shown 
below, forms an introduction to the results of the 
tests which are given in the Appendix. 


CHART OF MINIMAL AMOUNTS OF INHIBITOR 


































































































Conditions Inhibitor, p.p.m. 
Reference to Tests Fluid Tested 
Temperature, “C. Fluid Immersion K,Cr,O, Phosphate 
| | 
Section A.2, 3, 7 g “4, , Half 0:20 M 1000 ~ , > 
aa’ Normal Stagnant a potneniinn 1500 7000 KH,PO, 
Section A.7, 8, Normal Stagnant Half 0-10 M 600 Various mixtures 
and 10 90-100 Stagnant Half or potassium from KH,PO, 
total chloride 3500 with NaOH 
200, to 9000 of 
| hydrated 
| Na,HPO,, giv- 
} | ing pH from 
| 6 to 12 
Normal Air-stirred | 0:10 M 500 3500 KH,PO, 
| potassium 
| chloride 
90-100 Air-stirred 0-10 M 300 =| 3500 KH,PO, 
| potassium 
| chloride 
Normal Air-stirred Pre- 0:10 M 300 3500 KH,PO, 
rusted potassium 
speci- chloride 
men 
Section B.17 and 18 Normal Stagnant Half Cambridge 50 100 KH,PO, or 
Section B.21 90-100 Stagnant Total tap water 250 hydrated 
(hard) Na,HPO, 
Section B.19 Normal Stagnant Half | Tees Valley | 50 As for Cam- 
tap water bridge tap 
soft) water 
Section B.20 Normal Aerated Cambridge | 20 80 KH,PO, 
tap water | 
| 
Section B.15 Normal Stagnant Half Sea water | 80 200 KH.PO, 
Section B.22 Normal Stagnant Half Cambridge | 50 100 KH,PO, or 
(Pre- | tap water 250 hydrated 
| rusted | Na,HPO, 
speci- | 
men) | | 
Normal Stagnant Half Cambridge | 300 | 600 KH,PO, 
or (Speci- tap water | 
Aerated men | 
with | 
mill- | 
scale) | | 
| 
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APPENDIX 
Data and Experimental Results 


SECTION A. LIQUIDS CONTAINING ONLY 
POTASSIUM CHLORIDE IN ADDITION 
TO THE INHIBITOR MIXTURE 


POTASSIUM DICHROMATE WITH ALKALI 
PHOSPHATES AS INHIBITOR 


Series 1. Half Immersed in Stagnant Liquid at Room 


Temperature 

K,Cr,0,, KH,P0O,, KCl Total corrosion, 
No mol. /litre mol. /litre mol. /litre mg.ofFe/sq.dm./day 
1 nil nil 0-10 60 
2 nil 0-50 0-10 33 
3 0-005 nil 0-05 8-8 
4 0-005 nil 0-10 10-7 
5 0-005 nil 0-20 16°8 
6 0-005 0-05 0-05 le — Sila 
7 0-005 0-05 ee er anger 
s 0-005 0-05 0-20 s a 


Conversion to parts per million : 
K,Cr,0, 0-005 = 1470 p.p.m.; KH,PO, 0-05 = 
6800 p.p.m.; KCl 0:05 = 3700 p.p.m.; 0:10 = 
7400 p.p.m., and 0-20 = 14,800 p.p.m. 


Duration of test: 11 days. 


Detailed observations after 2 days: 
No. 3-5: Coated irregularly with brown, gelatinous 
deposit, which re-formed when wiped off. 
No. 6-8: Pieces bright as at entry. 


Final Appearances : 
No. 1 and 2: General corrosion. 
No. 3 and 4: General corrosion, accompanied by 
pronounced pits, more numerous on No. 4. . 
No. 5: General corrosion, with few but deep pits. 
No. 6-8: Pieces as before test, except for some local 
staining. 


Series 2. Constant KH,PO, and KCl, but Variation of 
Dichromate (conditions as in Series 1) 


K,Cr,0,, KH,PO,, KCl, Total corrosion, 
mol, /litre mol. /litre mol./litre ing. of Fe/sq.dm. 
No. and p.p.m. and p.p.m. and p.p.m. day 
1 060-0005 (147) Constant Constant 20 
2 0-001 (294) at 0-05 at 0-20 14 
3 0-002 (588) (6800) in (14,800) in 13 


4 0-003 (882) alltests  alltests Very small 


Duration of Test: 13 days. 


Final Appearances : 

No. 1: After removal by gentle abrasion of some dark- 
coloured incrustation, a stain remained on the 
piece, but there were no pits. 

No. 2 and 3: Some sub-general attack only on one 
side of each piece. 

No. 4: No attack. 


Series 3. Effect of Progressive Impoverishment in 
Dichromate (conditions as in Series 1 and 2) 
Three test-pieces were transferred in stages to 
liquids progressively weaker in dichromate, with 
KH,PO, constant at 0-05 M (6800 p.p.m.), and 
KCl constant at 0-20 VW (14,800 p.p.m.). 


K,Cr,0,, Total corrosion, 
mol./litre and p.p.m. mg. of Fe/specimen 


Stage 1: 3 days 0-005 (1470) Nil 
Stage 2: 3 days 0-003 (882) Very small 
Stage 3: 13 days 0-001 (294) 24, 13, 11 


average 12 
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Observations : 
The pieces seemed unchanged, except for dark stains. 


Series 4. Effect of Progressive Impoverishment of 
both Dichromate and Phosphate (conditions as 
in Series 3) 


K,Cr,0,, KH,P0,, Total Corrosion, 
mol./litre and mol. /litre and mg. of 
p.p.m. p-p.m. Fe/specimen 
Stage 1: 2 days 0-005 (1470) 0-05 (6800) Nil 


Stage 2: 2 days 0-0025 (735) 0-025 (83400) Very small 
Stage 3:8 days 0-001 (294) 0-0125 (1700) 28, 21, 23-5 
average 24 
(large water -line 
contribution ) 
KCl was constant at 0-20 M (14,800 p.p.m.) in all stages. 


Observations : 
All pieces showed local etching, but no pits were 
discernible. 


Series 5. Repetition of Series 1, Except that Specimens 
were Totally Immersed 

Pierced test-pieces, 3-8 cm. xX 1-9 cm., were 
supported loosely on a glass hook vertically and 
centrally in 100 ml. of liquid (see Fig. 2). The top 
of the piece was approximately 1 cm. under the 
surface of the liquid, and the bottom was approxi- 
mately the same distance above the base of the 
containing vessel. During the test, which lasted 
5 weeks, the pieces were shaken from time to time by 
smartly tapping the glass supports. 


K,Cr.0,, KH,PO,, KCl, 


mol. /litre mol. /litre mol. /litre Total Corrosion 


No. and p.p.m. and p.p.m. and p.p.m. mg. of Fe/specimen 
1 0-005 (1470) © nil 0-05 (3700) 5-2 ) Severe 
2 0-005 nil 0-10 (7400) 10 local 
3. 0-005 nil 0-20 (14,800) 138 ) attack 
4 0-005 0-05 (6800) 0-05 ) 

5 0-005 0-05 0-10 Very small 
6 9-005 0-05 0-20 J 


Duration of Test : 5 weeks. 


Observations : 

No. 1-3: Covered after a short time with a brown, 
slimy deposit, not readily removed by shaking the 
piece. 

No. 4-6: A small amount of white phosphate at first 
formed round the suspension hole, but this ceased in 
24 hr. No other attack appeared. 

During the later part of the test, gas bubbles persis- 
tently accumulated on the pieces 1-3. No gas was 
at any time seen on pieces 4-6, 


Final Appearances : 
No. 1-3: Severe local attack, with flaking of the metal 
surface. 
No. 4-6: Pieces almost as bright as at the beginning 
of the test. 


Series 6. Preliminary Experiments with Rapidly 
Moving Liquid 

Four test-pieces of steel were each securely and 
centrally wedged in the cork bungs of wide-mouthed 
bottles, which contained the liquid for the test. 
The four bottles were set horizontally in a shaking 
machine. The planes of two of the test-pieces in 
each test were horizontal, and those of the other two 
vertical. Sufficient liquid was present to immerse the 
test-pieces completely when the liquid was at rest 
and the bottle lying horizontal. At a later stage in 
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the work (see Series 9) it was found more convenient 
to agitate the liquid by means of an air current. 


K,Cr,0,, KH,P0,, KCl, 
mol. /litre mol. /litre mol, /litre 
and p.p.m. and p.p.m. and p.p.m. 
Test 1 ... 0-003 (882) 0-025 (3400) a 20 (14,800) 
Test 2 «. 0-008 nil -20 


The bottles were continuously shaken for 3 days, and 
then remained quiescent, with the pieces totally im- 
mersed, for 36 hr. Shaking was resumed for a further 
3 days. 

Observations : 

Test 1: No pits and very slight etching. 

Test 2: Shallow pits formed. No observable differ- 

ence on pieces placed vertically or horizontally. 


Series7. The Protective Effect of Phosphate—-Chromate 
Mixtures in Relation to the pH of the Liquid 
The specimens were half immersed in stagnant 
liquid at room temperature. The K,Cr,O, was 
constant at 0-002 mol./litre (588 p.p.m.), and the 
KCl was constant at 0-10 mol./litre (7400 p.p.m.). 


KH,PO,. NaOH, Na,HPO,, Approx. Total Corrosion, 
No mol, /litre mol. /litre mol. /litre pH mg. of Fe 
0 nil nil nil ec 53°5 
| 0-025 nil nil 4-7 16-4 
2 0-025 0-005 nil 6-2) 
3 0-025 0-010 nil a a 
$ 0-025 0-015 nil 7-9 | Total for 
5 0-025 0-020 nil 7:4 = pieces 
6 0-025 60-0225 nil 7-7 \ e: 
7 nil nil 0-025 8-3 d i ji 
8 nil 0-002 0-025 11-0 
Y nil 0-005 0-025 1] fie 
10 nil 0-005 nil 3 8-3 


Conversion to parts per million : 
KH.PO, 0-025 mol. /litre = 3400 p.p.m. 
Na,HPO, 0-025 mol. /litre = 8950 p.p.m. hydrate 
Na,HPO, 12H,0. 
NaOH : 
mol. /litre 0-005 0-010 0-015 0-020 0-0225 
p-p-m. 200 100 600 800 900 


Duration of Test: 27 days. 
Observations : 

No. 0 (K,Cr,0, sole inhibitor). This specimen suf- 
fered very severe continuous attack at. and just 
below, the water-line. At the close of the test. 
pits had appeared over all the immersed portion. 
from which loose corrosion product fell continuously. 

No. 10 (K,Cr,0,;, with KH,PO,). Nearly all the attack 
on this specimen occurred at the water-line. 

No. 2-9. None of these specimens suffered attack on 
the immersed portion, and at the water-line the 
corrosion was absent or very slight. On removal at 
the end of the test all these specimens showed 
resplendent interference colours, the varying tints 
of which indicated a surface film of thickness 
steadily increasing from pH 6 to pH 12. 

No. 10 (K,CrO, sole inhibitor). This specimen was 
attacked locally, at the water-line, and at the base 
of the immersed portion. 


Interference colours on specimens of Series 7: 


No. Colour pu 
2 Faint blue 6-2 
3 Faint yellowish blue G7 
4 Faint yellow 7-0 
5 Orange 7:4 
6 Orange, purple fie | 
7 Green, orange 8-3 
S Green, purple 0 


—_ bat 
pt pet 
x 


-~F 


Dull green. red 
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Series 8. The Action of Phosphate-Chromate Mixtures 
in Hot Stagnant Chloride Solution 

The closed vessels shown in Fig. 3 were used in this 
series. Fifty ml. of liquid were used for half- 
immersed specimens, and 60 ml. for totally immersed 
specimens. The temperature was between 90 and 
100°C. Potassium chloride was constant at 0-10 
mol. /litre (7400 p.p.m.). 


KH.PO,, Na,HPO, 


K,Cr,0,, mol./litre mol./litre, Dura- 

mol. /litre and and Area tion 

No. and p.p.m. p.p.m. p.p.m Immersion Exposcd days 
Al, A2 0-001 0-025 aoe Half 9-5cm.2 7 


(294) (3400) 
B1. B2 0-001 0-025 
(294) (3400) 


Total 11-4 cm.2 7 


A3, A4 0-002 Ba 0-025 Half 9-5 cm. 11 
(588 ) (8950, 12H,O) 

B3. B4A 0-002 es 0-025 Total 11-4 cm. 11 
(588 ) (8950, 12H,O) 


Final Appearances : 

Specimens Al and A2 were somewhat discoloured 
below the water-line, and there was considerable 
unavoidable rusting above the water-line. There 
was local etching and some pitting on the immersed 
portion. Specimens Bl and B2 showed _less- 
marked pitting and etching than Al and A2. The 
total corrosion was slight in both sets of specimens. 

Specimens A3 and A4 showed brilliant temper 
colours, of high order. Water-line attack was very 
slight, and the very few small pits were discernible 
only by very careful inspection. 

Specimens B3 and B4 showed first-order blue colours, 
and no attack at any point. 


Series 9. Air Stirring with Intermittent Quiescent 
Periods 

In this series, and those subsequently in which air 
stirring was operated, the closed tubes of Fig. 3 were 
used, the central tube admitting the air current. 
Evaporation was minimized by drawing the air first 
through a water bubbler held in the water-bath. 

The liquid contained the same constituents as for 
the tests B3 and B4 in Series 8, viz.: K,Cr,O, 
0-002 mol. /litre (588 p.p.m.) ; Na,HPO,, 0-025 mol./ 
litre (8950 p.p.m., 12H,O); and KCl, 0-10 mol./litre 
(7400 p.p.m.). As in the tests in Series 8 the pieces 
were totally immersed (area exposed 11-4 cm.®). 

Air stirring was maintained for 5 days, followed by 
a quiescent interval of 2 days, which in turn was 
succeeded by 3 days’ stirring. The total duration 
was 10 days, at a temperature of 90-100°C. 
throughout. 

Final Appearances : 


All four specimens showed high-order interference 
colours, and very slight local etching, but no pits. 


Series 10. Continuous Air Stirring at Room Tempera- 


ture 
K,Cr,0,, KH.PO,, l, 
mol. /litre and mol./litre and mol. /litre and 

No. p.p.m. p.p.m. p.p.m. 

1 0 -0005 (147) Constant Constant 
2 0-001 (294) at at 

ss 0 -0015 (441) 0-025 0-10 

4 0 -002 saa} (3400) (7400 ) 


Area of Specimen Exposed: 11-4 cm.* 
Duration of Test: 12 days. 
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Final Appearances : 

No. 1 and 2: Some slight local etching. 

No. 3 and 4: No attack visible under the lens, but 
the estimate of iron in the liquid (see the following 
data) indicates very slight general corrosion. 

The use of low concentrations of dichromate in 
this series offered an opportunity of directly testing 
whether the loss of dichromate during the test 
corresponded with the actual amount of corrosion. 


No. 1 2 3 4 

Total K,Cr,O, in original 

liquid ae dex .. 8-85 16-5 26-85 36-6 
K,Cr,0, recovered ss OS 13-1 23-% 33 -0 
K,Cr,0, consumed - ODE 3 3-55 3-6 
Total corrosion (mg. of Fe) 2-0 { -2 3-5 2-8 
K,Cr,0, equivalent to cor- 

rosion cee = se LoS 3°76 3-15 2-50 


K,Cr,0, is expressed in terms of ml. of N/50 sodium thiosulphate 
The amount consumed is estimated by difference. 


The losses of dichromate are seen to correspond 
satisfactorily with the total corrosion. 


Continuous Air Stirring at 90-100° C. 


K,Cr,0,, KH,PO,, KCl, 
mol./litre and mol./litre and mol, /litre and 
No. p.p.m. p.p.m. p.p.m. 
1 nil nil Constant 
2 0-005 (1470) nil at 
3 0 -0025 (735) 0-025 (3400) 0-10 
4 0-005 (1470) 0-05 (6800) (7400) 


Area of Specimen Exposed: 8 -3 cm.* 
Duration of Test: 7 days. 
Final Appearances : 
No. 1: Very severe corrosion (total amount 324 meg. 
of Fe). 
No. 2: Sparse localized attack, with adherent 
deposit. 
No. 3 and 4: No attack, but pieces all displayed 
brilliant interference colours. E 


K,Cr,0,, KH,PO,, KCl, 
mol. /litre and mol. /litre and nol. /litre and 
No. p-p.m,. p.p-m. p-p-m. 
1 0 -0005 (147) Constant Constant 
2 0-001 (294) at at 
3 0 -0015 (441) 0 -025 0-10 
4 0 -002 (588) (3400) (7400) 


Final Appearances : 
Even with the lowered concentration of dichromate. 
no specimen suffered appreciable attack, but all 
showed the brilliant colours mentioned previously. 


Series 11. The Protection Afforded by Phosphate- 
Chromate Mixtures to Pre-Corroded Steel in 
Chloride Solutions 


(1) Three specimens abraded in the usual way. 
each having an area of 11-4 cm.2, were totally 
immersed for 2 days at room temperature in 100 ml. 
of M/10 potassium chloride solution containing the 
following quantities of sodium carbonate. This 
treatment gave local corrosion as follows : 

1. 0-05 g. of Na,CO,: Severe attack over approxi- 

mately two-thirds of the area 

2. 0-10. of Na,CO; : Severe corrosion over approxi- 

mately one-half of the area 

3. 0-20 g. of Na,CO,: Moderate corrosion over less 

than one-tenth of the area. 


After the treatment described, the specimens were 
removed, wiped carefully with a ‘ policeman,’ and 
dried in a desiccator. Each was then totally im- 
mersed in the mixture : 
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KCl 0-10 mol./litre (7400 p.p.m.); K,Cr,0, 0-001 
mol. /litre (294 p.p.m.): KH,PO, 0-025 mol. /litre 
(3400 p.p.m.). 

The liquids were stirred by a vigorous air current at 
room temperature for 4 days. 

Total corrosion of the specimens was as follows : 

1. 3-65 mg. of Fe. 2. 3:45 mg. of Fe. 3. 2-60 
mg. of Fe. 

All specimens showed first-order blue on the portions 
remaining intact after the preliminary treatment, but 
apart from this, the final appearance of the specimens 
did not differ from their appearance after the 
immersion in sodium carbonate mixture. 

The total corrosion was small and bore no relation 

to the area initially corroded. It appears, therefore, 
that all parts of the specimen received full protection. 


(2) Loose rust from 6 specimens (each having an 
area of 8-25 cm.*), which had been severely rusted by 
long exposure to laboratory air, was removed by a 
wire brush. The specimens were then degreased by 
suspension in the vapour of carbon tetrachloride 
boiling under reflux, to ensure complete removal of 
grease from pits. Each specimen was then immersed 
in the phosphate-dichromate-chloride mixture des- 
cribed in the first experiment. The liquids were kept 
stagnant at room temperature. A flocculent, very 
loose deposit of ferric phosphate, which formed 
immediately on immersion and for some time after- 
wards, was shaken off, as it was produced, by tapping 
the support of the specimen. After immersion for 
3 hr. the liquid was replaced by a fresh solution of the 
original composition. Another similar replacement 
was made after a further immersion period of 24 hr. 
The specimens were finally left immersed in the same 
solution for 13 days. The formation of loose deposit 
ceased after 3 hr. from initial immersion. 
Corrosion during first 3 hr., mg. of Fe: 

No. 1 2 3 4 5 6 
1-4 1-5 10 15 0-65 1-5 
Corrosion during next 24 hr.. mg. of Fe: 
Total for all specimens ... os es 9-1 
Average per specimen ... ae ass 1-5 


Corrosion during final 13 days, mg. of Fe: 


Total for all specimens... sae ess 11 -6 
Average per specimen ... sae sea 1-9 


Practically complete protection was given after the 
first few hours. Comparison under microscopic 
inspection of specimens in their final state with others 
in the initial state, revealed no apparent change in 
appearance, no deepening of pits, or removal of scale. 

For further tests on rusted specimens, see Section B, 
Series 22. 

POTASSIUM PERSULPHATE (K,S,0O,) WITH 


ALKALI PHOSPHATES AS INHIBITOR 


Series 12. Half Immersed in Stagnant Liquid at 
Room Temperature 


K.8,05. KH.P,O, Na,HPO, KCl, 
No. mol. /litre mol, litre mol. /litre mol. /litre 
1 0 -0029 0-05 ne 
2 0 -0058 0-05 — ‘ ; 
3 0-0144 0-05 ve ’ — 
0 -0029 0 -025 0-025 . 
4 ) -0029 ) 125 )-025 q 0-10 
5 0 -0058 0-025 0-025 | 
6 00-0144 0-025 0-025 J 
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Conversion to parts per million : 
K.S.0,: mol./litre 00-0029 0 -0058 0 -0144 
p-p.m. 788 1566 3880 
KH,PO, 0-05 mol. /litre (6800 p.p.m. ) 
Na,HPO, 0-025 mol. /litre (8950 p.p.m. hydrate 
12H,0). 


Duration of Test: 12 days. 


The equivalent oxidizing capacity of 0-0029 mol./ 
litre of K,S,0, is 0-0010 mol./litre (294 p.p.m.) of 
K,Cr,0,. The initial pH of specimens 1-3 is 4-7, 
and of specimens 4-6, 6-8, but as persulphate yields 
free sulphuric acid on decomposition, this pH will 
diminish if corrosion sets in. 


Observations : 
No. 1-3: Rapid general corrosion persisted from the 
time of immersion. 
No. 4-6: All unattacked. but exhibited brilliant 
temper colours. 


Series 13. Half Immersed in Stagnant Liquid at 
Room Temperature 


K,S,0,, KH,PO,. NaOH, KCl, 


mol. /litre mol./litre mol./litre mol./litre pu 
No. andp.p.m. andp.p.m. andp.p.m. andp.p.m. (initial) 
: ere nil nil ooh 
ete 0-025 nil 4-7 
é -025 ° 5 3 2 
: ne — ; a ; an — : 7 
5 9.995 0°025 0-015 gig ei 
> “se (1350) 0 -025 0 -020_ (7400) i i 
Ty ereshs 0 -025 0 -0225 7°74 
Re, mien 0 -025 0-025 
me wes nil 0 -005 


Condition after 24 hr.: Liquids 1-4 were replaced by a 
fresh supply of the original composition. Any 
deposit on the pieces was gently detached, and the 
solid received in the removed liquid. Attack was at 
once resumed after the replacement. The following 
is an analysis of liquids and deposits removed from 
No. 1-4 after 24 hr.: 


No. 1 2 3 4 
K,S,0O, surviving, % nil nil 25 45 
Total corrosion, mg. 
of Fe eee . 94-2 35-1 18-9 8-8 
(20-6as 
Fe++) 


Condition after 6 days: Normal chloride corrosion was 
continuing on No. 1 and 9 after exhaustion of per- 
sulphate. Liquids and deposits from No. 2-4, 
inclusive, were removed. The fresh liquids had the 
original amounts of chloride and phosphate, but the 
persulphate was omitted, with the object of testing 
whether these pieces had gained any protection by 
previous treatment. 

At this stage, No. 5, 6, and 7 (pH 7-0 to 7-7) were 
still unblemished, excepting for a feeble water-line 
attack decreasing in the order 5, 6, 7. 

The following is an analysis of liquids and deposits 
removed from No. 2—4 after 6 days: 


No. 2 3 4 
K,S,0, surviving, % ... nil nil 27 
Total corrosion, mg of Fe 61 48 -5 21-5 
Corrosion per day, mg. 
of Fe wes $s 10-1 8-1 3-6 


Condition after 14 days: Attack was persisting in No. 2— 
4, which by this time lacked persulphate. No. 5, 6, 
7, and 8, which had been immersed in the same solu- 
tions from the start, were removed after a total of 11 
days. 
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The following analysis of liquids and deposits 
from No. 5, 6, 7, and 8 was made after 11 days’ 
continuous test in the same solutions : 


No. 5 6 7 8 
K.S,0, surviving, °, 64 82 67 40) 
Total corrosion, mg of 
Be sxe as a 8-0 2 -4 1-9 6 -2 
Corrosion per day, mg. 
of Fe side oe 0-73 0-2 0-2 0 -55 


Summarized Results of Series 13: 


Mean Corrosion Rate, Corrosion 
mg. of Fe/day Total for whole 
No. 1 day 6 days 7 days days period pH 
1 34-2 (nil)* 7-9 14 136 (K,S,0, 
(nil) and KCl) 
2 35-1 (nil) 10-0 (nil) 3-37 14 119 1.7 
3 18-9(25°%) 9-1 (nil) 8-47 14 76 6-2 
4 8 -8(45%) 3-9(27%) 11-67 14 42 6-7 
5 (no 0 -73(64% ) 11 8-0 7-0 
6 change 0-2(82°) 1] 2-4 7-4 
- of 0 -2(67 %) 1] 1-9 7-7 
8 liquid) 0 -55(50°, ) 1] 6-2 (alkaline 
phosphate ) 
9 do. 8-5 (nil) 14 118 (Free 


NaOH) 
* Persulphate surviving in parentheses. 
+ No persulphate present in this interval. 


Series 14. Persulphate-Phosphate Mixtures in Solu- 
tion of High pH (conditions as in Series 1 and 2) 


Total Corrosion 
Approx. Corrosion, per day, 


No Na,HPO, NaOH pH mg.ofFe mg. of Fe 
1 son 0-025 nil 10-0 11-4 1-9 
2 0 -025 0 -002 11-0 30-0 5-0 
3 ater 0-025 0-005 11-8 106 -0 18-0 
4 eae 0 -025 0-100 12-3 105 -0 18-0 


K,S,0, remained constant at 0-005 mol. /litre. 
KCI remained constant at 0-10 mol. /litre. 


Duration of Test: 6 days. 

Observations: Localized adherent deposits of white ferric 
phosphate developed on all pieces soon after immersion, 
the attacked areas lying mainly at, or just below, 
the water-line. The pieces remained bright between 
the regions of deposit. 

At the close of the test the areas covered by ad- 
herent deposit had slightly increased, but no attack 
occurred at intermediate regions. 


SECTION B. POTASSIUM DICHROMATE- 
ALKALI PHOSPHATE MIXTURES AS 
INHIBITORS IN NATURAL WATERS 


Series 15. Tests in Sea Water* 


Tests were made with abraded specimens, as in 
previous series. The pieces were half immersed in 
stagnant liquid at room temperature. 


K,Cr,0,, mol./litre KH,PO,, mol./litre 


No. and p.p.m. and p.p.m. 

1 Seu rink nil nil 

2 nae ane 0 -00025 (73 -5) 0 -00125 (170) 
f eas nae 0-0005 (147) 0-0025 (340 
4 ite ae 0 -00075 (220) 0 -00375 (510) 


Duration of Test: 7 weeks. 


Observations: Very heavy general corrosion on No. 1, 
no attack below water-line on Nos. 2, 3, or 4. 





* Supplied from Portsmouth through the kindness of 
Dr. L. Kenworthy. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








430 PALMER : CORROSION 


There follows a number of tests made on two 
typical town water supplies: (i) Cambridge town 
water, very hard, as raw water, but softened by a 
base-exchange process to a moderate degree of hard- 
ness before supply to consumers; this water gave 
296 p.p.m. of total solids, and 31 p.p.m. of chloride 
(as NaCl); (ii) Tees Valley water,* an example of a 
very soft water, which gave 80 p.p.m. of total solids, 
and 13-6 p.p.m. of chloride (as NaCl). 


Series 16. Cambridge Tap Water, General Survey 
in Relation to pH 
Tests were made with abraded specimens which 
were half immersed in stagnant solutions at room 
temperature. The area immersed was 8:5 cm. 


K,Cr,0,, KH,PO,, NaOH, 
mol./litre mol. /litre mol. /litre 
No. and p.p.m. and p.p.m. and p.p.m. pH 
: ey Coe 0 at ia0) ih 
: 0.001 0-01 0 "002 (80) 6-2 
4 (294) (1360) 0 -004 (160) 6-7 
5 i . 0-006 (240) 7-0 
6 0 -0002 (59) Constant Constant Constant 
7 0 -0004 (118) at at at 
8 0 -0006 (177) 0-01 0 -002 6-2 
9 0 -0008 (236) J (1360) (80) 


Duration of Tests : 28 weeks. 


Observations: All pieces were intact below the water- 
line, except No. 6, which showed one shallow pit. 


Series 17. Cambridge Tap Water. Minimal Amounts 
for Protection at Normal Temperatures (con- 
ditions as in Series 16) 


(1) Tests made in mixtures with KH,PO,: 


K,Cr,0,, KH,P0,, Total Corrosion, 
No p.p.m. p.p.m. mg. of Fe 
nil nil 112 
2 5 10 94 
3 10 20 103 
4 20 40 30-5 
5 50 100 9-1 
6 100 200 0-95 


Duration of Test: 4 weeks. 


Observations : No. 1-4 showed quite general corrosion ; 
no pitting was detected. 

No. 5 and 6 remained bright and completely 
unblemished below the water-line. The 9-1 mg. of 
corrosion on No. 5 took place entirely at the water 
line. 


(2) Tests made in niixtures with Na,HPO,: 


Na,HPO, 12 H,0, Total Corrosion, 


No. K,Cr,0,, p.p.m. p.p.m. mg. of Fe 
E i vnnee Kas 5 25 108 
mB” ses - 10 50 103 
BS: “iges os 20 100 4] 
i. dees bist 50 250 2 


Duration of Test: 4 weeks. 


Final Appearances: No. 1, 2, and 3 showed quite 
general corrosion without any pitting. No. 4 was 
unattacked at any point. 


Series 18. Cambridge Tap Water. Further Tests 
at or below Minimal Concentrations of Inhibitor 
(conditions as in Series 15-17) 


Test (1). Duration: 6 weeks. 





* Supplied through the kindness of Dr. W. D. Clark. 
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Total Corrosion, 
mg. of Fe 


No. K,Cr,0,,p.p.m. KH,PO,, p.p.m. 

ar | nil 91 
2 Constant 20 78 
3 , at 20 40 13 
7% 60 25 


Test (2). Duration: 6 weeks. 
fotal Corrosion 


No. K,Cr,0,,p.p.m. KH,PO,, p.p.m. mg. of Fe 
a.) Constant nil 9-1 
2 | at 50 20 8-2 
3 if 40 4-1 
4 60 16-1 


Observations : In Test (1) No. 1 and 2 showed general 
corrosion, and corrosion in No. 3 and 4 was mostly 
confined to the water-line. 

In Test (2) localized attack occurred on No. 1 only. 


Series 19. Tees Valley Tap Water 


Tests were made with abraded specimens, half 


immersed in stagnant fluid, at normal temperature. 


Total Corrosion 


No. K.Cr.0,, p.p.m. KH,PO,, p.p.in. mg. of Fe 
] nil nil 129 

2 5 10 118 

3 10 20 93 -5 
4 20 40 54 

5 50 100 6-2 
6 100 200 3-0 


Duration of Test: 5 weeks. 
Observations: No. 1-4 showed general corrosion 
without pitting. 
No. 5 and 6 both showed interference colours. but 
only the slightest attack. 


Series 20. Cambridge Tap Water 

Tests were made with abraded specimens, totally 
immersed in fluids vigorously aerated by air current, 
at room temparature. 


Total Corrosion, 


No. K,Cr,0,, p.p.m. KH,PO,, p.p.m. ng. of Fe 
1 20 20 458 
2 20 10 nil 

3 20 nil 364 

4 nil nil 620 


Duration of Test: 3 weeks. 


Observations: No. 1 showed sub-general attack and 
No. 4 general corrosion. No. 3 was very severely 
pitted, and the attack extremely localized. 


Four specimens were treated under the conditions 
of the previous test with the favourable mixture 
K,Cr,0, (20 p.p.m.) with KH,PO, (40 p.p.m.). 
(No. 2 of Series 20.) In the course of 3 weeks’ test, 
three of the specimens underwent severe local 
corrosion, with pitting, but one was almost without 
attack. 

The key to this capricious behaviour was found when 
four more specimens were treated, as previously, 
with the mixture of 20 p.p.m. of K,Cr,0, and 
80 p.p.m. of KH,PO,, i.e., with a doubled amount of 
phosphate. After three weeks, each of these last 
specimens had precisely the appearance it had at the 
beginnings of the test, and there was no trace of 
corrosion at any point. A precipitate of calcium 
phosphate was observed to form at different times in 
each case. The immediate product of the action of 
KH,PO, on aqueous calcium salts would be the 
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soluble CaHPO,. This acid salt is not very stable, 
and there can be little doubt that the violent agitation 
of the liquid in these tests caused a precipitation of 
normal calcium phosphate after unpredictable inter- 
vals. In the Cambridge hard water there would be 
enough soluble calcium salt to decrease the amount 
of phosphate below safe levels. 


Series 21. Cambridge Tap Water 

Tests were made on abraded specimens under 
stagnant conditions at 90-100°C. The pieces were 
totally immersed. 


(1) Total Corrosion 
No. K,Cr,0,,p.p.m. KH,PO,, p.p.m. mg. of Fe 
1 cha cha 10 20 99 -2 
2 ees eee 20 40 103 
3 $s ate 50 100 0-7 
4 eee os) BS 200 0-5 


Duration of Test: 5 weeks. 


Observations : On No. 1 and 2 corrosion was localized 
to etched areas. No. 3 and 4 had localized black 
staining, but no pits. 

(2) Four specimens totally immersed in water with 
K,Cr,0, (20 p.p.m.) and KH,PO, (40 p.p.m.) for 18 days 
at 90—-100° C., suffered severe etching. 

Similar results were obtained when the phosphate was 
raised to 80 p.p.m. or replaced by equivalent Na,HPO,. 

With K,Cr,0O, raised to 40 p.p.m., the corrosion 
(from appearance only) was much reduced, but still 
considerable. 


(3) Na, HPO, 12 H,0, 
No. K,Cr,0,,p.p.m. KH,PO,, p.p.m. p-p.m. 
1 50 100 
2 100 200 ie 
3 50 a 200 
4 100 on 400 


Duration of Test: 3 weeks. 


Observations : No corrosion took place on No. 1 and 2 
or on.No. 4. Some localized attack was seen on 
No. 3. 


Series 22. Pre-Rusted Specimens in Dichromate- 
Phosphate Mixtures 

The final series was designed to test the efficiency 
of dichromate—phosphate mixtures in protecting 
pre-rusted or mill-scaled specimens from further 
attack. Preliminary experiments had given en- 
couraging results (see Section A., Series 11). 

The pieces (6-4 cm. x 2-0 cm.) for the test on 
rusted material had been exposed to the open air on 
the laboratory roof for some months, and were 
immersed in Cambridge tap water containing inhibitor 
immediately on removal from the exposed position. 
They were cut from mild steel, of 1-4 mm. thickness, 
and of the following analysis : 

C, 0-18%; Si, trace; S,0-030%; P, 0-017%, 

and Mn, 0-39%. 


Severely Rusted before Test 


Na, HPO, Total 
K,Cr,0,, KH,PO,, 12 H,O, Corrosion, 
No. p.p.m, p-p.m. p.p-m. mg. of Fe 
i Sx 50 nil nil 236 
2 100 nil nil 252 
3 cae 300 nil nil 9 -2 
4 én 600 nil nil 2-3 
5 aus 50 100 eee 2-8 
6 ee 100 200 ae 6-0 
7 isis 300 600 es 2-3 
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Na,HPO, Total 
K,Cr,0,, KH,.PO,, 12 H,O, Corrosion 
No. p-p.m. p.p.m. p.p.m. ing. of Fe 
8 be 600 1200 ob 28 
9 eee 50 eee 250 4-8 
10 zi 100 aus 500 13 -6 
ll tie 300 Ae 1500 1-6 
12 = 600 3000 16-2 


Duration of Test: 3 months. 


Total corrosion represents the amount of material 
which had fallen spontaneously from each piece 
during the test. When protection was successful, 
and the amount of corrosion small, the rust of the 
preliminary exposure remained intact with the piece 
during the test, and was withdrawn with it at the 
end. 


Mill-Scale Intact on the Faces, but not Rusted 


Na,HPO, Total 
K,Cr,0, KH,PO,, 12 H,O, Corrosion 
No. p.p.m p.p.m p.p.m mg. of F 
1] nil nil nil 315 
2 50 nil nil 333 
3 L100 nil nil 345 
{ 300 nil nil 198 
5 600 nil nil 12 -2 
6 50 100 Wes 194 
7 100 200 a 265 
8 300 600 aN 6-0 
9 600 1200 er 6-7 
10 50 ea 250 190 
11 100 wa 500 224 
12 300 Oe 1500 5-S 
13 600 ded 3000 1-5 


Duration of Test: 3 months. Conditions similar to those 
for the pre-rusted specimens. 
Observations: The original mill-scale was intact on 


No. 8, 9, 12, and 13. 


Mill-Seale Intact on the Faces, Totally Immersed in 
Cambridge Tap Water containing Inhibitor, Stirred 
by a Vigorous Air Current (cf. Section B, Series 20) 


K,Cr.0; KH,P0,, 
No p.p.m p.p.m. Final Condition 
l see 50 100 Very severe gen- 
eral corrosion 
3 100 200 As for No. 1 
3 300 600 Mill-scale intact 
j 600 1200 Mill-scale intact 
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A New Blast-Furnace Stock-Rod Gas-Seal 


By E. J. 


HE provision of an efficient gas-seal for the stock 
rod on a blast-furnace has, in the past, presented 
considerable difficulty, and many types of gland 

have been produced. At the best, these usually have 
remained gas tight only with constant attention. 

The following is a description of a gas-seal evolved, 

after more than three years’ trials, by Messrs. Stewarts 
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Walklate 


and Lloyds, Ltd., at Corby, from whom permission 
has been obtained to publish this note. 

The seal is made in mild steel throughout, and 
consists of an outer casing, about 12 in. long and 7} in. 
in dia. (Fig. 1, item 7). This contains an inner 
floating sleeve (item 6) packed with fine steel wool 
and grease, which together form an effective gas-seal. 

The grease (Unedo, FA1), which also 
lubricates the rod, is forced into the seal 
by a grease nipple in the outer casing and 
thence through eight small holes in the 


Washer sleeve (item 6) into the packing. The steel 
(tap fit) 


wool is made to hug the stock rod by 
means of the upper and lower neck rings 
(items 4 and 5). The lower neck ring is 
turned to form a scraper ring on the stock 
rod, and is fixed to the floating sleeve by 
grub screws. The purpose of this scraper 
ring is to remove as much abrasive dust 
as possible from the stock rod. The scraper 
ring (item 1) at the top end of the casing 
performs a similar function. 

The inner sleeve, packing and scraper 
rings are designed for a lateral float of 
about + in. within the outer casing in 
order to reduce wear on the stock rod. It 
is reported that wear on the gland is very 
slight, and the life of the stock rod with 
this type of seal is about four months, 
depending to some extent on conditions 
within the furnace. Also, the rod may 
~}¢ waste at its bottom end before becoming 
' unduly worn where it passes through the 
seal. 

While this seal is a great advance on 
any type previously tried at Corby, and 
some considerable reduction in loss of gas 
| | | is effected, the design is not entirely 

| “| perfect ; dust usually finds an entry into 
| | the seal, and, together with any conden- 

sate present, becomes solidified, making 

repacking of the gland necessary every 

few weeks in order to maintain efficiency. 

| Hence, there is room for further improve- 

— ment, and a good deal of thought is still 
being given to the problem. 
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12 in.dia. 
Fig. 1—Arrangement of stock-rod gas-seal 
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The Traffic of Iron and Steel Works 


A METHOD OF TRAFFIC ANALYSIS 


By H. H. Mardon, B.Sc.(Eng.), M.I.C.E., M.I.Mech.E., M.1I.Struct.E., M.Am.S.C.E., 
and M. D. Brisby, Ing.Dipl., S.I.A. 


SYNOPSIS 


A method of traffic analysis applicable to conditions prevailing in iron and steel works is developed. 
Based on the speed of wagon turn-round, a manner of gauging the general efficiency of a works traffic system 


is suggested. 


Considerations on traffic flow and density serve to clarify the problem of transport into, through, and 
out of, the works, and point to the necessity for co-ordinating rail traffic and the mechanical handling of 


materials. 


An investigation into locomotive utilization by means of time studies is developed, showing the necessity 
for a complete understanding of traffic requirements and locomotive operation for speeding-up transport 


and improving layout. 


Introduction 


OME iron and steel works in this country are experi- 
S encing difficulty in handling the growing rail 

traffic required to meet the new increase of pro- 
duction. It was therefore considered that an investi- 
gation should be started on the subject of rail traffic 
in iron and steel works. In view of the nature of the 
investigation, it was thought that the experience 
of the General Research Department of British 
Railways would be most valuable in helping to define 
a line of approach. The investigators were given the 
opportunity of studying traffic conditions on the rail- 
ways, and visits to Derby, Nottingham, and March 
were organized by the railway authorities. Discussions 
with members of the British Railways technical 
staff proved very helpful and particular attention was 
paid to the methods adopted for analysing traffic, 
to the layout and operation of marshalling yards and 
goods depots, and to the latest developments in rail- 
way practice in this country. 

Owing to the different nature of the problem, the 
methods of traffic analysis adopted by the railways 
were not entirely suitable for the traffic of iron and 
steel works, and a method applicable to the iron and 
steel industry had to be evolved. The method set 
out in this report has been tried at six works, and 
detailed information regarding wagon standage, 
locomotive utilization, and some of the causes of 
traffic congestion has been obtained. 

The object of a works traffic system is to provide a 
service to the process departments. As far as the 
departmental managers are concerned, the system is 
satisfactory if, and only if, they get the service they 
need when they need it. The traffic manager, on 
the other hand, is also concerned with the efficient 
running of the traffic system in terms of expenditure. 
To help the traffic manager, the engineer is there 
to see that the layout of the track is as convenient as 
possible for the necessary movement of traffic, 
given the limitations of the site. All three must work 
within the restrictions imposed by the general 
economy ; thus if an ideal service requires a layout 
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too expensive to be practicable, departmental 
managers must be content with something less than 
perfect. 

A comprehensive study of works traffic would have 
to take into account the requirements of the depart- 
mental managers, the traffic manager, the engineer, 
and the general managements ; amongst other things, 
it would therefore have to determine whether the 
traffic system provided adequate service, to find 
means of improving traffic operation in existing works, 
and to get the data required to design an efficient 
track layout; lastly it would have to assess the 
economics of various layouts and methods of 
traffic control and handling. 


Objective 
The primary objective of this report is to establish a 
method of traffic analysis in iron and steel works. 
Attention is given firstly to wagon utilization, 
secondly to layout and wagon flow, and thirdly to 
locomotive utilization. 


WAGON UTILIZATION 

Preliminary Investigations 

The first approach to traffic analysis in a steel- 
works is to find a measure which will give some 
indication of the traffic position in the works. In 
the iron and steel industry many methods are in use 
for recording wagon arrivals, departures, and flow 
through the works. A figure for gauging the traffic 
efficiency of a works must therefore be derivable from 
a wide variety of wagon records and must be applic- 
able, within limits, to all iron and steel works. 

No matter how well a railway layout may be 
designed, it can become ineffective if wagons are 
allowed to stagnate in the sidings. With adequate 
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terminal facilities, and provided that wagons are 
unloaded as soon as possible, a good railway layout 
may contain fewer sidings than are generally con- 
sidered necessary. 

The traffic efficiency of a works is intimately bound 
up with the question of ‘standage’ and ‘internal 
user time.’ Standage* is a scheme of payment for 
incoming loaded wagons and empty wagons for out- 
ward loading, depending on the number of wagons 
entering the works and on the average time they 
remain there before being discharged. For standage 
up to 14 days per wagon there is no charge. (No 
count of wagons is made on Sundays, so that, in fact, 
“ips standage, which is calculated on a weekly basis, 

: 14 x 3~14days.) Itis therefore quite possible 
for standage costs to i nil. The amount charged 
per day is the subject of a special agreement between 
the railway authorities and the works. If the stand- 
age charges incurred at a works are high in total, 
naturally a greater length of track capacity is involved 
than if the total charges are low. A low total charge 
signifies greater freedom of movement on the tracks 
and requires fewer sidings. 

Internal user is a scheme of payment by the steel- 
works company to the railways for wagons which are 
used for moving internal loads such as rubbish. 
When private owners’ wagons were requisitioned, it 
was recognized that firms would have to hire wagons 
for point-to-point working within their works. A 
charge per day was fixed according to the circum- 
stances under which the wagons were requisitioned 
by the Railway Executive. 

The obvious way to cut down internal user charges 
would be for the individual works to have their own 
wagons for internal use. For this purpose old wagons 
which are not fit for main-line working could be 
used. If a congestion in the works is to be avoided, 
the same considerations regarding the necessity for 

r apid unloading would have to apply to these wagons 

a s to main-line wagons. 





* See Demurrage Regulations—Standage Schemes. 
Memorandum of arrangements agreed between Amalga- 
mated Railway Companies and the British Iron and 
Steel Federation. Appendices A, B, C, D, E. 
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From what precedes, it will be seen that the figures 
for both standage and internal user should be kept as 
low as possible : 

(i) To effect a direct economy on standage charges 
and demurrage 

(ii) To avoid congestion on the works 
system by holding idle wagons in sidings. 


railway 


Terminal User Time 

It has been shown above that the rapid turn-round 
of wagons is an important consideration in the 
economy of the traffic system. The speed of wagon 
turn-round can be assessed by means of the ter- 
minal user time. The terminal user time may be 
defined as: The total number of wagons on hand 
(at, say, 6 a.m.) divided by the total number of loaded 
wagons discharged during the last 24 hr. (up to, say, 
6 a.M.). This gives: 

Wagons 

“Wagons per day | 

This figure represents the average length of time that 

wagons remain under load and it may be used in 

deciding whether the traffic position in the works is 

satisfactory. This time, however, is not precisely 

the same as the average time used in determining 

standage since its calculation is very much simplified ; 

wagons with outgoing loads are not included as they 
do not usually present a serious problem. 

A useful graph can be prepared showing on one 
sheet the total weekly standage charge, the total 
internal user charge, ‘and the terminal user time. 
A terminal user figure of 14 days would represent 
a zero standage payment (see Fig. 1). The prepara- 
tion and study of this graph constituted the prelim- 
inary investigation into the traffic analysis of each 
works considered ; it is a simple investigation of an 
exploratory nature which reveals the average effici- 
ency of the traffic organization of the works as a 
whole. 

Terminal user time cannot locate poor traffic 
operation, but it can point to the general efficiency 
of the traffic organization ; it can be related to the 
departmental traffic by the daily commodities sheets, 
and it not only gives an indication of the efficiency of 
a railway layout but also shows whether terminal 
facilities such as unloading 
appliances and stockyards 
are adequate. 

Figure 2 is an example of 
departmental terminal user 
time which shows that cer- 
tain departments discharge 
their wagons more slowly 
than others. Figure 3 is an 
example of terminal user 
time applied to — mat- 
erials. Figures 1, 2, and 3 
are samples taken at random 
out of the traffic records of 
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Fig. 1—Wagon utilization. 
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in fixing a reasonable figure for wagon turn-round 
in each particular works. The terminal user figure 
depends largely on what the individual works manage- 
ments consider to be a safe stock to have in hand. 
When fixing a reasonable upper limit for terminal user 
time the following items should be taken into account : 

(a) The works material consumption; whether 
regular or varying from day to day or over longer 
periods. 

(6) The commercial policy of the firm; whether 
securing closely regulated supplies, or accumulating 
stock, or drawing on stocks. 

(c) The unloading facilities and manpower in all 
parts of the works; whether adequate or not for 
current consumption and for excess material. 

(d) The unloading times ; whether daywork or shift- 
work, in relation to the wagon count at 6 A.M. 

(e) The arrival and departure times ; whether spaced 
or bunched. 

(f) The exchange- and departmental-siding capacity. 

(g) The nature of the materials ; whether used as 
arriving, held for sampling, or held for use by grade 
or blend. 

(hk) The nature of the finished products ; whether 
free to leave when loaded or held for release by 
inspectors. 

(4) The completeness of the turn-round figures ; 
whether all the traffic received is included or whether 
main materials from external quarries, mines, etc., 
are excluded by arrival over private or toll routes. 

(j) The types of wagons; whether the railways 
supply materials in wagons suitable for quick un- 
loading ; whether finished products can be dispatched 
in inward wagons or require special types ordered at 
an additional charge. 

It is therefore clear that what constitutes a low 
terminal user time for one works might be a high one 
for another. If, however, the total terminal user 
time for the works as a whole is consistently over 
three days, on present-day charges the yearly standage 
on 2000 wagons per week would be somewhere near 
£25,000 per annum. An annual payment of this 
magnitude would warrant careful investigation into 
the economics of the traffic organization as a whole, 
including, possibly, a revision of the agreements 
between the railways and the works, and major 
engineering alterations such as modifications to track 
layout and improved siding capacity. 

Although care must be taken when comparing ter- 
minal user figures for different works, terminal user 
time remains a good criterion for determining rapidly 
the general efficiency of a works traffic system. 

A high terminal user time may sometimes be 
attributed to departmental managers reluctant to 
unload wagons for fear of having to pick up material 
from stock in the event of an interruption in the regu- 
lar day-to-day consignments. This unwillingness to 
empty wagons is due to the natural dislike of double- 
handling and also to the knowledge that, because of 
inadequate loading equipment, a department can 
rarely be kept running at normal efficiency when 
drawing from stock. 

Double-handling in itself is bad, but close contact 
between the works traffic manager and the railway 
authorities should keep the works well informed on 
deliveries up to two days in advance. If this is done 
it will be found that excess material can be stocked 
and possibly not picked up again for weeks, and the 
departments can be kept running with the latest 
arrivals of materials. Thus close contact between the 
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works and the railways can cut down standage to a 
minimum. Considerable stress should be laid on the 
necessity for adequate unloading and _ re-loading 
equipment, since the sufficiency of this equipment 
practically conditions the standage figures, the stock- 
ing, and the siding capacity. 

It is often argued that bunched arrivals from the 
railways are responsible for high terminal user times. 
There is, however, substantial evidence that bunching 
is more often due to materials not flowing through 
the works than to too much raw material flowing in. 
Bunching is more frequently a consequence of the 
state of affairs in the works than outside on the rail- 
ways, and the fault may be in the general policy of 
the purchasing department or in the slow turn- 
round of wagons. 

Wagon Flow 

The figure of terminal user time is the average 
time spent in the works by wagons of all types. 
As such it is a very useful measure for determining 
the general trend in the speed of wagon turn-round 
in the works. As has been mentioned, however, 
it cannot be regarded as an absolute measure of the 
efficiency of the works transport system since con- 
ditions vary from one works to another and from time 
to time, and what may be regarded as satisfactory in 
some circumstances may be unsatisfactory in others. 
Furthermore, although a high terminal user figure may 
suggest that something is not working too well it 
gives no indication as to the nature of the trouble. 
To assess what can be regarded as a satisfactory 
terminal user time or to determine the action neces- 
sary to improve it, it may be necessary to make a 
more detailed study of the movements of the individual 
wagons constituting the average. 

For a given terminal user time it is obvious that 
the distribution of individual wagon times may vary 
widely. For instance, a terminal user time of 3 days 
may mean that nearly all the wagons are being 
discharged in about 2 to 4 days, or that many 
wagons are being discharged within one day while 
a few are being kept in sidings for many weeks. 
In the latter case the wagons which stay in for a long 
period may be serving no useful purpose and merely 
occupying track ; or they may be kept as a matter 
of deliberate policy as mobile storage bins. It can 
be doubted, however, whether it is sound economy 
to pay some 3s. per day for railway wagons for this 
purpose, when the same object might be served either 
by the purchase of old wagons for internal works use 
or by the improvement of loading facilities. Wagons 
could then be safely unloaded in the stockyard without 
risk of cutting supplies to the furnaces in the event 
of a breakdown in deliveries. The relative economics 
of these alternatives are not under consideration in 
this paper, but it is obvious that to assess them in 
any particular case it would be necessary to have an 
estimate of the time which individual wagons spend 
in the works. 

It may be argued with some force that standage 
charges are paid on average and that it does not 
matter, as far as the users are concerned, which wagons 
are unloaded out of those available in the works at 
any one time ; the most accessible wagons, therefore, 
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should be unloaded. It would clearly not be sensible 
to embark on a large-scale shunting operation to 
bring forward a few wagons for unloading simply 
because they happen to have been longest in the 
works, when more recent arrivals are readily accessible 
without shunting. It would, nevertheless, appear 
that some form of occasional check on individual 
wagon times may, in many works, be necessary to 
determine whether the transport service is running 
as economically as it can for the service provided. 

The simplest way of keeping some check on indi- 
vidual wagon times is probably to chalk the date of 
arrival on the sides of the wagons. If this is done, 
it can be seen easily which wagons have stayed in the 
works a long time without the need of any elaborate 
book-keeping. In some of the works investigated 
this system is used ; once a week the arrival dates 
of the wagons standing in the works are checked and 
any wagons which have been in for more than a cer- 
tain number of days can be noted. This seems to 
work quite satisfactorily and to provide as much 
information on this aspect as is normally required. 

In works where no marking of the wagons is done, 
any attempt to analyse individual wagon times 
involves a detailed study of the various ledgers and 
records in use. A limited analysis in such a case 
has been attempted and is given as an example. 
The records that could be made available for this 
purpose consisted of the following : 

(1) Report of Arrivals at Sidings—This shows the 
actual time of arrival at the railway exchange-sidings 
of each wagon, giving wagon mark and number, 
contents, and consigner. 

(2) Inwards Weighings—A record of wagons passing 
over the weighbridge on their way from the exchange- 
sidings into the works. Particulars given are wagon 
mark and number, consignor, contents, gross weight. 
painted tare, department to which consigned, and 
time of weighing. 

(3) Sidings Record—aA record taken each morning 
at 6 A.M. to show the wagons standing in each siding. 
Wagons are usually shown by mark and number and 
load, but sometimes they are not individually listed, 
only a total number being shown, depending on the 
nature of the commodity. Wagon details are not 
necessary for bulk loads. 

(4) Daily Standage—A record of total numbers of 
wagons standing in each department at 6 A.M., together 
with the number stocked or tipped during the previous 
24 hr. 

(5) Empty Wagons from the Works—A record of 
the outward weighbridge, showing wagon mark and 
number, painted tare, actual empty weight, and time 
of weighing. 

The important period for this investigation appears 
to be that between the entry in the inwards weighings 
(2) and the entry of the same wagon in the empty 
wagons from the works (5), although it should be 
noted that the time shown in the latter entry is not 
the same as that of discharging the wagon, which is 
the time required for the calculation of standage and 
terminal user. 

The number of wagons that could be traced in a 
reasonable time by this method was therefore limited, 
and some sampling procedure was clearly necessary. 
The method finally adopted was as follows : 

(1) The incoming wagons were divided into four 
groups according to their destination : (a) Coke ovens, 
(b) blast-furnaces, (c) steelplant, and (d) miscellaneous 
(including all other than (a), (b), and (e)). 
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(2) Every fifth wagon entered in the inwards weigh- 
ings book, bound for each destination, was recorded 
and its time of dispatch empty was traced in the 
empty-wagons book. The time of arrival at the 
exchange-sidings was also traced and is included in 
the record. 

(3) Where a wagon was a long time in the works or 
where dispatch could not be traced, an effort was made 
to trace its movements inside the works by reference 
to the works sidings records. In a few instances it was 
found that wagons were taken into use for another 
purpose without appearing in the empty-wagon 
records. In such cases the time when the wagon 
appears in the sidings records with a different. load 
is taken as the time of dispatch empty for the purposes 
of this investigation. 


The type of record obtainable by this method is 
illustrated in Table I. The study covered the traffic 
of one week, and the number of wagons in the sample 
was 186. The distribution of the times that these 
186 wagons remained in the works between inward 
loaded weighing and outward empty weighing is 
shown in Table IT. 

The mean time spent in the works by these 186 
wagons was 3} days. This should be similar to the 
terminal user figure for the same wagons. It will 
be observed, however, that there are considerable 
differences between the different departments, wagons 
to the coke ovens being quickly despatched while 
miscellaneous consignments tend to be delayed. Of 
the 186 wagons sampled, 51 were actually in the works 
for more than 3} days and the mean time of these 
51 was 8-2 days. If the mean of these 51 wagons 
could be reduced to 3} days there would be a saving of 
250 wagon-days on the sample of 186 wagons. Ona 
total of 1000 wagons per week, therefore, the saving 
would be about 1350 wagon-days, which at 2s. 9d. 
per wagon-day represents approximately £185 per 
week. 

The management at the works in question was, 
of course, well aware that wagons were not being 
cleared as quickly as usual at that time, since the 
terminal user figure was high, and steps were taken 
to improve the situation. But a detailed analysis of 
the individual wagon times might well have helped 
to determine where the trouble lay. The analysis 
as made, however, was very laborious and quite 
unsuitable for regular use. If it were decided to 
introduce an occasional detailed analysis of this 
nature as a matter of routine, some modification 
would have to be made in the way of keeping records 
so that the necessary information would be available 
in a suitable form for analysis. 

At one firm a thorough investigation into the traffic 
problems carried out by the management, traffic 
officers, and men, has led to a very considerable speed- 
ing-up of transport in the works. As a result of this 
investigation general supervision was increased. all 
round. The miscellaneous traffic was handled and 
planned by a traffic foreman. Two men were 
stationed in shifts at the works main bottleneck from 
6 a.M.to10 p.m. A foreman was also allocated to the 
reception sidings. Certain movements of traffic were 
planned and considerable improvements were made 
to the permanent way. 

These measures broadly resulted in improvements 
to the transport services and the reduction of the 
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-. terminal user figure from 3} days to below 2 days, (6) Operating bottlenecks due to lack of pro- 
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orks track-occupation time. congestion, provided that the traffic is kept moving ; 
hese * H. H. Mardon and J. S. Terrington, Journal of The conflicting movements are the real source of difficul- 
zons Tron and Steel Institute, 1949, vol. 161, Apr., pp. 327-359. ties. The number of locomotives varies greatly 
da Table I 
In a STEELPLANT : INWARDS WEIGHINGS ON 3ist JULY 
ving 
9d. Pet ll Arrival at Siding Inwards Weighings ao 
per - Total 
1 2 3 4 r Time ‘ . ‘ 
5 6 7 Ss 4 iteeice Sidings Records 
was, 
ue Mark and 5 . | Gross Wt.,| Net Wt.,| Painted A Actual 
elng Number Date Time} Contents tons tons Tare | Date Time! “Tare | Days Hr. 
the 
iken Ocean 7689 30 1630 | Bricks 14-18 8-17 6-1 11 1900] 5-17 | 11 10 | Im siding A, full until 9th, 
is of empty 11th 
Ilped 
ouie British 3427. | 31 0530 | Ganister 17-16 10-7 7-9 2 1439| 7-4 —_ 
uite 
| t Ormiston 58 | 31 0530 | Bricks 15-2 8.18 6-4 26 2050] 610 | 10 12 | In siding B, full to 9th. In 
10 siding C, loaded scale on 
this 11th. Allow 10} days 
tion 
ords AM 2955 31 0530 | Tank 23-7 13-7 10-0 In siding D on Ist. No record 
after 
able 
: Leeds 141 31 0930 | Lime 12-9 6-13 5-16 3 2239| 5-11 3 3 
affic 
affic Sutton 273 31 1930 | Limestone} 15-3 81 7-2 7 1107| 7-0 6 12 
eed- 
thie Table II 
. all DISTRIBUTION OF NUMBERS OF WAGONS IN WORKS ACCORDING TO PERIODS 
ands 
> Period of Time (da Mean 
vere : — Total | Time 
rom. Dayt.? Wagons | ,,. in 
the 0-1 | 1-2/2-3|3-4|4-5| 5-6 |6-7/7-8| 8-9 [9-10] 10-11 |11-12 | 12-13 | 13-14 | 14-15 | 15-16 | 16-17| 17-18/18-19| +19 “aan 
vere 
ade c.o. }55]/10] 9] 3] 2] 3 my 1 es 1 84 
B.F. | 5/12/15] 5] 4] 1 2| 3 i i 1 i i ie 5 es 51 3-77 
sp. | 2] 4/11/ 3] 4/ 1] 1] 1 i 1 a ae #: 30 4-04 
satis Wetec es | le] ko Sa 2. ae 3 2 ae hy ie * 1 21 8-21 
* Total | 62 | 27/36/13 ]}13| 7] 1] 5] 4 5 4 3 2 1 1 1 1 186 3-28 
the 
*C.O. = coke ovens, B.F. = blast-furnace, S.P. = steelplant 
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from works to works, depending on their size and on 
the type of layout. It is quite possible to have too 
many engines operating on a track system at one 
time. A surplus of engines is not only uneconomical 
on the basis of utilization, but also increases conflict- 
ing movements, as the locomotives tend to get in 
each other’s way. The proportion of locomotives 
in service to track mileage, including running lines 
and sidings, varies from 1 locomotive per mile of 
track to 1 locomotive per 2 miles of track. 

A method of analysing traffic flow and density is 
by locomotive time studies and wagon counts. This 
is dealt with under “ Locomotive Utilization ” 
(page 441). 

The remedy for discontinuous flow or bunching is 
planning, and this might well be examined in a future 
report. Meanwhile, from the investigations which 
have already been made, it appears that very consider- 
able time could be saved in the transport services 
by careful planning and programming. 

In planning the traffic operations in iron and steel 
works two considerations should be in held mind, 
first the programming of the locomotive duties and 
second the planning of the departmental processes. 
The programming of locomotive duties is already 
partially carried out in many works, but it could be 
taken a step further. At present, certain duties 
are generally allocated to particular locomotives, 
and careful, detailed instructions are given to this 
effect. More attention, however, could be paid to 
the transport problem as a whole. Whenever poss- 
ible, segregation of traffic should be insisted upon 
and every effort should be made to avoid sending 
locomotives into congested areas at peak periods 
inthe day. Some form of time-tabling in the regular 
services is strongly recommended. The word ‘ time- 
tabling’ is more loosely interpreted than in the 
accepted railway sense, and implies that certain duties 


should be performed in certain areas at definite 
hours. The time-tabling of miscellaneous traffic 
would, no doubt, reduce track-occupation delays. 

The planning of departmental processes and mater- 
ial flow between the processes would have far-reaching 
consequences. Studies have shown, for instance, 
that delays in blast-furnace plants may be due to 
delays in emptying ladles at the mixer, owing to the 
cranes not being available. A study of hot-metal 
traffic has shown that the number of ladles in service 
can be insufficient to permit the economical utiliza- 
tion of the hot-metal locomotive. 

Rolling-mill traffic is governed by the rolling pro- 
gramme, but the efficient despatch of this traffic 
is largely conditioned by items such as insufficient 
stocking space, supplementary orders, lost material, 
and delays due to damage in loading. 

The efficient organization of transport must bear 
a close relation to planning in the individual processes 
involved in the manufacture -of iron and steel. In 
a complete investigation of transport questions and 
rail traffic it is therefore necessary to study the syn- 
chronization of locomotive working, crane loading, 
and other mechanical-handling devices. 

Good planning can save considerable time and can 
increase locomotive availability. For example, 
shunting time can be reduced by correct loading into 
wagons at the mills. The order in which wagons are 
set in the loading bay is obviously important, as 
priority wagons should be loaded first, so that they 
can be dispatched quickly without shunting. It is 
not advisable to load more than one shunt ahead ; 
wagons which cannot be completely loaded should 
be kept together with the other empties. Attention 
should be paid to the immediate destination of the 
wagons, whether they are to be dispatched to the 
railways, to be held in sidings, or to be sent to other 
departments within the works. If a loading pro- 

















Table III 
SPECIMEN TIME RECORD 
Locomotive Job No. 7 : Oil-Fired Locomotive Date : 11th March, 1949 
Time Locomotive Movement Delays 
From To fini — Operation Remarks 
From : Ref. To: Ref. Point Reason 
A.M. A.M. 
9.49 9.56 | Entrance to 11A Slab stock bay 6A Moving full 3 wagons, 
water road loop wagons mixed, off at 6A! 
9.56 10.00 | Slab stock bay 6A No. 2 weighs Running light 
10.00 10.14 No. 2 weighs | Shunting 
operations 
10.14 10.33 No. 2 weighs | B.R. shunting 
operations 
10.33 10.50 | No. 2 weighs Top end yard 6 Shunting 
10.50 10.51 | Top end yard 6 No. 2 weighs w2 Moving full 6 wagons, 
wagons mixed freight 
10.51 10.53 Weighing 
10.53 10.58 No. 2 weighs | Shunting 
w2 operations 
10.58 11.00 | No. 2 weighs w2 Top end yard 1 Moving full 3 wagons, off 
wagons a 
11.00 11.03 | Top end yard 1 Alloy store 14A Moving full 3 wagons off at 
wagons 14A 
11.03 11.06 | Alloy store 14A Entrance to Running light 
track 4A 
11.06 11.17 Entrance’ to Repairing 
track 4A track 
11.17 11.18 Water tank 4A Running light 
11.18 11.26 Water tank — loco 
oiler 
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gramme is adhered to, locomotives need not be kept 
waiting for the loading of wagons to be completed. 

A study of traffic flow and density, coupled with an 
examination of locomotive utilization carried out 
by means of time studies, will serve to assess quantita- 
tively the traffic position in a works and will suggest 
the way to improvements by programming and 
planning. 


LOCOMOTIVE UTILIZATION 


The best way to investigate locomotive utilization 
is to carry out detailed time studies, an investigator 
riding on the footplate during the whole of the period 
studied and making a record of the exact time spent on 
each job. From such studies it will be possible not 
only to determine how much of the locomotive time 
is spent on actual work and how much on servic- 
ing, what delays occur and the reasons for them, 
but also to assess the degree of track occupation and 
the incidence of conflicting movements. It will there- 
fore be possible to decide at the same time whether 
the locomotives are being used to the best advantage 
and whether the occurring delays are due to derail- 
ments, lack of steam, insufficient co-ordination be- 
tween drivers, or to conflicting movements which 
could be avoided by improved track layout or better 
programming of locomotive working. 

An example of a locomotive time study is given in 
Table III. 

If a special inquiry into track occupation time and a 
study of locomotive working in relation to track 
layout are required, the time studies can be plotted 
as shown in Figs. 4, 5, 6, 8, 9, and 10, where distance 
is plotted against time. In this type of graph it 
is possible to follow the path of the locomotive, the 
nature of the operation, and the time at which it 
takes place. 


For the purpose of illustrating the charting of 


locomotive time studies, two types of traffic are con- 
sidered, namely works ‘ main-line ’ traffic and works 
departmental and interdepartmental traffic. 


Works Main-Line Traffic 

Works main-line traffic covers by far the greatest 
tonnage handled, but it does not necessarily constitute 
the worst traffic problem in steelworks. The vital 
importance of the main routes is generally appreciated, 
consequently they are kept clear of obstructions and 
are usually operated on a strictly controlled routine, 
particularly if the main routes are single lines. 
Figures 4, 5, and 6 show the working of three loco- 
motives operating on works incoming main lines, 
namely : 

(1) A running line from the railway exchange-sidings 
to the works; this line also serves as the outgoing 
finished-product line 

(2) A private iron-ore-mines line 

(3) A wharf line used at present mainly for incoming 
materials. 

Each of these is a single-line route, except for the 
exchange-sidings line which is doubled over part 
of its length. Single-line working is therefore neces- 
sary. ‘Two or more locomotives operate at the same 
time on each of the three lines. The exchange- 
sidings and wharf locomotives are generally worked 
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on a three-shift basis and the ore-mines locomotive 
is worked mostly on two shifts. 

The various stops, such as terminal points, weigh- 
bridges, bottlenecks, etc., are plotted vertically to 
a distance scale, and time is plotted horizontally. 
The type of work the locomotives are engaged on, 
nature of the load hauled, and the causes of delay 
are shown by distinctive markings on the diagram. 

Figure 4 shows an 8-hr. shift for a locomotive 
operating on the exchange-sidings line. The graph 
shows a well-operated line with only 5-3% delays 
and little miscellaneous shunting. The engine is 
running light for only 3-5°%, of the time. It is being 
usefully employed, running loaded, for 26-9°%, of the 
time, and engaged in shunting for 25° of the time. 

The relatively high figure of 19°, for servicing the 
locomotive is attributable to the long and steep 
gradient between the exchange-sidings and the works, 
necessitating heavy servicing duties for the purpose 
of maintaining steam. 

It will be readily understood that the steepness 
of a portion of the graph denotes the velocity of the 
train (distance /time = velocity) and that a horizon- 
tal portion of the graph denotes that the train is 
either stationary or that the engine is operating at 
one of the terminals of the running line, for instance, 
marshalling wagons prior to a run. 

Figure 5 shows an 8-hr. shift for a locomotive 
operating on a private mines line. Here the 
locomotive is shown to maintain a steady rate of work. 
The figure of 11-7°% of the engine’s time spent run- 
ning light is high, but this is due to the ore hoppers 
being taken up full to the ore stockyard and left 
there for off-loading. A time study taken a day or 
two later would show a zero time spent running light, 
as the engine would then return to the mines with 
empty hoppers. 

The figure of 42% for the servicing time is 
extremely high and is due to the fact that this 
engine works a two-shift day, from 6 A.M. to 2 P.M. 
and from 2 p.m. to 10 p.m. The crew working 
from 6 A.M. to 2 P.M. must therefore get the loco- 
motive ready on their arrival, as well as prepare 
the engine for the next crew to take over at 2 P.M. 
This explains the considerable time spent servicing 
the locomotive at both ends of the 6 A.M. to 2 P.M. 
shift. Moreover, this line is also on a long and steep 
gradient and considerable time must be spent firing 
and servicing the locomotive. 

Figure 6 shows an 8-hr. shift for a locomotive 
operating on the wharfline. This line is less efficiently 
operated than in the previous cases. More time is 
spent marshalling wagons at both terminals and the 
figure of 27% of the time spent servicing the loco- 
motive is extremely high. At a peak-load period 
it would be advisable to arrange for the wagons to be 
marshalled at both terminals by yard locomotives. 

Examination of Figs. 4, 5, and 6 shows that, 
on the whole, the main-line routes are efficiently 
operated and that when a train starts from one ter- 
minal it usually reaches its destination without 
hindrance or delay. By far the largest percentage 
of time out of the 8-hr. shift is spent stationary, 
shunting, or being serviced at both terminal ends. 
Whether steps should be taken to shorten the 
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standing t'me at the terminal ends depends on the 
tonnage to be handled, the economics of the problem, 
and site conditions such as gradients. It is certain, 
however, that if new works were to be laid out on 
these sites it would be advisable, before inquiring 
into the necessity of doubling lines, to provide better 
terminal facilities and larger locomotives capable 
of being operated satisfactorily within the range of 
their normal power. 

Perhaps one of the most important facts to be 
derived from locomotive occupation time diagrams, 
as exemplified by Figs. 4, 5, and 6, is the possibility 
of assessing the time during which a portion of works 
main-line is occupied. Knowing this time, it is 
then possible to work out whether the portion of line 
is overloaded or not, and to make a definite recom- 
mendation regarding single- or double-line working. 

The following figures show the actual times of 
departure and arrival of a Jocomotive operating 
between two points A and B, approximately 2 miles 
apart on a steep gradient : 


Dept. from A Arr, at B Duration of Travel, 
P.M. P.M. min. 
1.07 4.22 15 
5.02 5.15 13 
7.21 7.38 17 
Dept. from B Arr.at A Duration of Travel 
PM. P.M. min. 
1.34 5.00 26 
7.00 cA | 17 
8.05 8.25 20 


The diagram shown in Fig. 7 may be plotted 
from these figures. The total time the locomotive 
spends travelling is 1 hr. 48 min., and the average 
duration of one run between A and B is 18 min. 
The total time spent travelling for the two locomo- 
tives operating on this line will therefore be of the 
order of 2 x 1 hr. 48 min., 7.e., 3 hr. 36 min. It is 
therefore possible to say that at present the track 
is occupied for a period of approximately 3 hr. 
36 min. out of the 8-hr. shift, 7.e., a track occupation 
time of 45°. 

In the case of peak loads it would therefore be 
possible to put one more engine on this line, giving 
a track occupation time of 67-5%, leaving 32-5°% 
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of the time for terminal operations, engine turn- 
round, and float. This figure of 32-5° should be 
sufficient if the marshalling operations at the ter- 
minal ends are carried out by a shunting engine. 

In Fig. 7b is plotted (in full, dotted, and chain- 
dotted lines) the typical working of three locomotives 
having each a track occupation time of 22-5%, 
giving a total track occupation time of 67-5% and 
a total terminal time of 32-5°%,. It has therefore 
been possible to plot the typical working of three 
locomotives having the same low efficiency as the 
two at present operating on the line. This can be 
done by a rearrangement of terminal operation time, 
i.e., instead of a locomotive stopping for long periods 
of servicing and shunting, followed by a quick succes- 
sion of journeys, the servicing and shunting time 
is evenly distributed over the 8-hr. shift. It should 
be noted that the same amount of float for each 
engine is maintained, but the track is now used to 
67-5% of its total capacity instead of to only 
45%. 

This study shows, therefore, that with the present 
motive power available, the line between A and B 
is capable of carrying a peak load 50°, greater per 
shift than the tonnage usually handled on this line. 
Should it be necessary to haul an even greater tonnage 
over this portion of line, recourse may be had to 
double heading, which greatly reduces track posses- 
sion time. 


Works Departmental and Interdepartmental Traffic 


For the study of this class of traffic two types of 
locomotives were examined, namely : 

(1) Locomotives attached to a job or department. 
such as the blast-furnace slag, hot-metal, and steel- 
plant locomotives 

(2) General works locomotives not allocated to any 
particular service, but required to carry out shunting 
or other miscellaneous duties. 

Figure 8 shows an 8-hr. shift for a slag-ladle loco- 
motive operating on a single-line blast-furnace route. 
The percentage time lost due to track occupation 
reaches the high figure of 13-5, and it will be seen 
that most of the waiting is done at the terminals, 
i.e., at the ladle-preparation station and at the slag 
tip. The high figure for delays, coupled with the 
fact that only three out of five blast-furnaces were 
in operation at the time, would lead one to believe 
that the line would be overloaded with all the 
furnaces on blast. 

It should be noted that in this case the blast- 
furnace route is also one of the main arteries of the 
works and that a very considerable amount of mis- 
cellaneous traffic is carried over it. Restricted space 
does not permit the doubling of this line, but the 
next best solution has been adopted which is to speed- 
up traffic over the single line, first by diverting as 
much of the miscellaneous traffic as possible and 
then by improving the permanent way to permit 
the faster travel of the slag ladles. 

The time spent servicing the locomotive is notice- 
ably lower than in the previous three cases. One 
obvious factor responsible for this difference is the 
level track over which the slag-ladle locomotive 
operates. 
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studies. Loco No. 8, blast-furnace slag disposal. Traced from works charts 19, 20, and 21 
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Traced from works charts 40, 41, and 42 


Loco No. 23, operating between works and No. 1 stockyard. 
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The figure of 19-6° for the time spent waiting for 
the ladles to be filled is high and is due to the restricted 
number of blast-furnaces in operation. The figure 
of 18-8% for ladle tapping and skulling is also high, 
but this is due to a specific reason, namely, that the 
slag is sold to a by-product plant and the tapping and 
skulling are done under special conditions. The actual 
time for travel is short and, as always with single- 
line working, it is the terminal delays which constitute 
the major problem. 

Figure 9 shows an 8-hr. shift for a steelplant 
locomotive working the open-hearth furnace traffic. 
The diagram makes it clear that a relatively large 
number of miscellaneous runs are made. This 
additional travel is due to the very awkward dis- 
position of the steelplant layout. It is not possible 
to work the open-hearth furnaces, the scrap yard, 
and the ore stockyard, with two locomotives without 
starting a number of conflicting movements. 

Shunting in this area is very difficult and often 
holds up a considerable amount of traffic in the 
neighbourhood. Consequently the figures for shunt- 
ing (22-0%), running light (14-5%), and delays 
(22-5%), are all high. 

Figure 10 shows an 8-hr. shift for a miscellaneous- 
traffic or general-purpose locomotive operating round 
the whole works. The first thing seen is that the 
shunting time (38%) is high. This is to be expected 
as the locomotive is chiefly used for shunting and 
casual jobs. Next it will be seen that shunting is 


no longer confined to definite localities, but is done 
at any part of the works as and when needed. 


The engine is interdepartmental and is not 
allocated to a particular service such as, for instance, 
hauling slag ladles; it may be required to travel fairly 
long distances for only one or two minutes’ shunting. 
The loads handled are very small but the track 
occupation time is high ; consequently this type of 
miscellaneous-traffic locomotive is far more likely to 
cause obstructions to the regular departmental 
traffic. The diagram shows that delays may occur 
anywhere on the works railway system; they are 
not, as in the main route and departmental traffic, 
confined to the terminal ends. Consequently, if 
this engine is liable to be held up anywhere in the 
works, it is also likely to be a cause of delay to the 
more regular-flowing traffic. 

Examination of Figs. 8, 9, and 10 shows that, 
on the whole, locomotive working is less straight- 
forward on the departmental and interdepartmental 
traffic than on the main-line traffic routes. Figure 10 
shows that miscellaneous traffic constitutes perhaps 
the most serious problem in traffic organization 
and operation in steelworks. Although miscellaneous 
traffic comprises only a small percentage of the total 
tonnage transported into and around steelworks, 
the distance travelled per ton handled is very 
considerably larger than for the main incoming 
raw materials and outgoing finished products. 

It is recommended, therefore, that one of the 
first steps to be taken to improve existing traffic 
conditions in a large works should be to make a 
detailed study of miscellaneous traffic. If, as in 
the last case discussed, the track occupation time 
is high for low tonnages hauled, every effort should 
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be made to reduce this time. The following sugges- 
tions may help to reduce track occupation time : 

(1) Stray wagons should not be shunted out of the 
way into any siding for the purpose of momentarily 
clearing a portion of track. This practice always 
necessitates additional shunting later. 

(2) Odd wagons of miscellaneous goods should never 
be allowed to penetrate departmental sidings allocated 
to specific materials, for this invariably leads to mixed 
trains requiring additional marshalling. 

(3) Miscellaneous traffic should be kept well away 
from the heavy-tonnage trains; where possible, 
different routes should be used, and where this cannot 
be done the passing of miscellaneous traffic should be 
carefully timed to avoid the heavy traffic. 

(4) In some cases, it might be worth while hauling 
the small loads round the works by lorries. At present 
it is often the practice to load on to a wagon anything 
which cannot be lifted and carried about by a man. 
Figures 11 and 12 are 24-hr. charts taken at random 

from a comprehensive study of a system where the 
locomotives are serviced at one central point and 
are allocated to areas instead of to particular duties. 


Standard Locomotive Analysis Sheets 


Although time studies of locomotive working must 
necessarily vary considerably from works to works, 
it is possible to prepare standard sheets on which 
the data can be easily plotted. Two standard loco- 
motive utilization sheets are included in the paper. 

The first sheet is a duty analysis in which the time 
studies are plotted in graph form, giving a quickly 
readable locomotive duty diagram. The duties are 
entered under general headings such as_ running 
loaded, running light, shunting, standing-by, ete. 
These headings have been grouped under three 
categories : working, standing, and delays (Fig. 13). 

The second sheet is a route analysis and is a stand- 
ard form on which the locomotive duty analysis can 
be plotted if a special study of locomotive working 
in relation to track layout is required (Fig. 14). 

To illustrate the method of filling in the two 
standard forms, the time study of the 2 p.m. to 
10 p.m. shift shown in Fig. 9 has been plotted on the 
duty analysis and route analysis sheets. 

It may be said that locomotive time studies are 
fundamental in an investigation of locomotive utiliza- 
tion and should be made at all works. These studies 
need only be made occasionally, particularly when 
there is an apparent shortage of locomotive power, 
and they serve to assess any improvement or deteriora- 
tion in the efficiency of locomotive utilization. 
Comparison between different works is difficult, as 
it is necessary to allow for a local balance between 
traffic service and cost. Good locomotive results could 
indicate that locomotive operation had been success- 
fully adapted to the works processes. 

From the investigations made so far it appears 
that the average delays due to track occupation, 
derailments, and breakdowns for works locomotives 
amount to 10% of the total shift time. The average 
standing-by time, including meals, servicing, and 
awaiting orders, etc., amounts to something bet ween 
20% and 30% of the shift time, according to the 
locomotive duties. 

Only accidental and therefore unpredictable loss 
of working time has been classed as actual delay. 
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Although every effort should be made to cut down 
these delays, manifestly the best way to increase loco- 
motive availability is to reduce standing-by time. 
Meals and servicing alone account for 25%, of the 
shift time. Ifthe locomotive shift servicing was done 
whilst the engine crew had their meals the locomotive 
availability would go up by nearly 1 hr. in every 
shift. The regular shift servicing, involving coaling, 
oiling, watering, cleaning-out and building-up the 
fire, would then be carried out by special crews at a 
fixed point in the works affording the required facili- 
ties. The servicing crews of two or three men per 
shift would service the engine whilst the driver and 
shunter had their meals. This would necessitate 
staggering the meal times, as only one or two locomo- 
tives could be serviced every half-hour. 
Considerable time is often lost between one job 
and another, and it is felt that, although in many 
cases it may be advisable to allocate engines to the 
particular duties of one department, their detailed 
operation should remain under traffic foremen 
working with the departments. A locomotive costs 
upwards of £1 per hour to run and should not be 
kept standing in a department, if there is a temporary 
job which it could conveniently carry out elsewhere. 


CONCLUSIONS 


It is now proposed to consider how effective have 
been the lines of approach set out at the beginning of 
this paper. The method of traffic analysis developed 
in the preceding pages has, so far, proved to be 
satisfactory. It can be applied to any works, requires 
only one or two investigators on the site, necessi- 
tates no complicated mechanical or electrical wagon- 
counting devices, and gives detailed information 
regarding wagon standage, locomotive utilization, 
and many of the causes of traffic congestion. 

The main conclusions of the investigation may be 
summarized as follows : 

(1) Terminal user time affords a good method of 
assessing the general average traffic efficiency of a 
works. A record of terminal user time plotted in 
graph form acts as an incentive for economy in accel- 
erating wagon turn-round and for gauging standage 
costs. Terminal user time may also be used to find the 
wagon turn-round time of individual departments, 
such as the blast-furnaces, steelplant, coke ovens, 
general services, and also the tvrn-round time 
of individual commodities such as slack, ore, bricks, 
etc. With good off-loading facilities, sidings can be 
more usefully employed and, even allowing for peak 
loads, a siding capacity based on a terminal user figure 
of 2} to 3 days should be sufficient (see p. 434.) 

(2) Wagon flow isa moredetailed study thanterminal 
user time, in which the movements of wagons are 
followed through the works. This study has shown 
that, in one works, miscellaneous traffic, on the 
average, stands for a period of 8 days, whereas the 
coke-oven traffic remains in the works for only 
1} days. If no wagons remained in the works for 
more than 3} days this would show a saving of the 
order of £185 per week. There is scope for the prepara- 
tion of a simplified scheme for keeping records of all 
incoming and outgoing wagons to facilitate the task 
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of the traffic and costing departments in controlling 
and organizing works transport (see p. 437). 

(3) A study of traffic flow and density serves to 
clarify the problem of transport into and around works, 
helps to locate bottlenecks, and may suggest a useful 
remedy to congestion by traffic diversion or by per- 
manent-way alterations. Sufficient work has been 
done so far to show the necessity for improved 
planning and synchronization between rail traffic 
and mechanical handling. The question of planning 
the departmental and interdepartmental conveyance 


of materials might, it is suggested, be the subject of 


a future investigation (see p. 439). 

(4) An examination of locomotive utilization serves 
to complete and corroborate the study of traffic 
flow and density. The locomotive time studies are 
fundamental and if made from time to time at all 
works, any improvement or deterioration in locomo- 
tive availability could be assessed. The locomotive 
occupation time can be plotted in graph form and 
gives valuable information regarding traffic operating 
conditions, the precedence of different types of goods, 
and the nature of the traffic which is most likely to 
cause delays in steelworks. Locomotive utilization 
also serves to assess traffic density and track occupa- 
tion time and constitutes, therefore, a sound basis 
from which recommendations affecting track layout 
may be advanced (see p. 441). 

(5) Even with careful supervision the efficiency of 
works locomotives is extremely low. Out of an 8-hr. 
shift only 3} to 4 hours’ useful working may be 
expected from a steam locomotive. Programmed 
maintenance, locomotive shift servicing carried out 
at an appropriate point, and the allocation of engines 
to areas instead of to particular duties have, in at 
least one works, increased locomotive availability. 

Investigations have shown that if standing-by 
time could be reduced to near zero, locomotive avail- 
ability would be increased by 20% or by 1 hr. 36 min. 
in every 8-hr. shift. This could be achieved by improv- 
ing the communications in the traffic system and 
also by closer co-ordination between the various 
process departments. A system of radio-communica- 
tion, for instance, would, it is thought, considerably 
speed-up traffic operations in iron and steel works 
(see p. 445). 
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REPORT OF THE TENTH MEETING 


Tue TENTH MEETING OF THE IRON AND STEEL ENGINEERS Group of The Iron and Steel 
Institute was held at 4 Grosvenor Gardens. London, S.W.1, on Wednesday, 22nd June, 
1949. Mr. W. F. Cartwricnut (Steel Company of Wales, Ltd.), Chairman of the Group, 


presided. 


AT THE Morninc SEsSION two papers, entitled “‘ Continuous Steel Strip Pickling,” by R. W. 
TREASURE (The Wellman Smith Owen Engineering Corporation, Ltd.), and ‘‘ The Disposal of 
Spent Acid Pickling Liquor.” by W. B. Wracce (Exors. of James Mills. Ltd.), were presented 
and discussed. 

AT THE AFTERNOON SESSION papers on ‘“‘ The Design and Operation of Annealing Plant 
for Mild-Steel Sheets and Coils,” by R. D. Potuarp (Messrs. Samuel Fox and Co., Ltd.), 
H. Epwarps (Messrs. John Summers and Sons, Ltd.), J. F. R. Jones (Messrs. John Summers 
and Sons, Ltd.), and J. BRomLEY-Davis (The United Steel Companies, Ltd.). were presented 
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and discussed. 


PROCEEDINGS OF THE MORNING SESSION: 10.00 a.m. to 1.00 P.M. 


Discussion on the Paper— 


CONTINUOUS STEEL STRIP PICKLING* 


Mr. R. W. Treasure (The Wellman Smith Owen 
Engineering Corporation, Ltd.) presented his paper and 
introduced a number of illustrations by means of lantern 
slides. 


Mr. James Bonelle (Prodorite, Ltd.) : My comments 
will be confined to the tank and foundations section. 
with which I am particularly concerned. 

We have had considerable experience of temperature 
ranges at Ebbw Vale. New developments in cement 
ean take the increased temperature range mentioned 
in the paper. I do not think there will be any doubt 
about temperature ranges reaching 250° or 300° F. at a 
later stage and, provided that protection is given in an 
adequate form and that all the joints are perfectly 
sealed, no trouble will occur. 

It is a very serfous matter if expansion joints are 
brought to the surface of the tank, for the rubber 
decomposes at the very high temperatures mentioned 
in the paper. It is probable that an expansion joint 
will not stay in the forward lining and will have to be 
protected behind bricks at the expansion point. 

No protection of foundations was provided in the 
original scheme at Ebbw Vale. but after six months 
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the whole of the base had to be lined in the fori of a 
tank. Of course, when the plant is in operation the con- 
ditions are so bad that to make an effective job is costly. 
It is therefore essential to take every precaution possible 
on foundations supporting mechanical structures, and at 
the same time to form the base into a tank to prevent 
leakage into the concrete foundations or pillars. 


Mr. W. F. Gilbertson (Messrs. Richard Thomas and 
Baldwins, Ltd.) (read in his absence) : When in America 
recently, I found that most mills incorporated butt- 
welders at the front end of the pickle lines, but at one 
plant the cold-mill operators were doubtful of the value 
of butt-welded coils when the coils are subsequently 
to be cold-reduced into light gauges, such as tinplate 
gauges (0-012 and lighter). For sheet gauges a welded 
coil was satisfactory. 

In this particular mill, the quality of the welds from 
the pickler was evidently not sufficiently constant to 
enable the welded coils to be cold-reduced to tinplate 
gauges without a heavy percentage of breakages at the 





* Journal of The Iron and Steel Institute, 1949, vol. 
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welds. Breakages of 5 to 16% of all welded coils put 
on the mill during a shift were experienced. 

At this plant there were three tandem cold mills: 
one 4-stand 56-in. mill with a delivery speed of 2700 ft./ 
min., and two 5-stand 42-in. mills with delivery speeds of 
approximately 1450 and 1650 ft./min. It mattered 
very little on which mill the welded coils were rolled. 
If the welds were of such a nature as to give trouble, 
breakages occurred in all mills. 

It was not the normal practice to slow-down the mill 
during the rolling of the weld unless many breakages 
had occurred during the previous shift. In consequence 
there was a tendency, with tinplate gauges to roll a 
single coil from a slab weighing 12,000/15,000 lb. For 
sheet gauges, where there seems to be less tendency to 
break at the welds, welded coils were rolled. 

I should state, however, that although trouble on 
welded coils was experienced at this particular plant, 
at other plants there was no such difficulty. 

The author, quite understandably, makes no reference 
to Wheelabrator machines for removing scale from strip 
by shot-blasting. I saw these machines in use at two 
plants. In one case a Wheelabrator was used for scale 
removal on mild steel which was subsequently tinned. 
The scale removal seemed fairly complete, but the surface 
of the strip was very much roughened. This plant 
had experienced considerable trouble with impregnation 
of the shot into the surface of the strip, but this was 
overcome by careful specification of the type and size 
of shot. 

In the other case, a Wheelabrator machine was 
followed by a small pickle tank about 12 ft. long, but in 
this case the steel strip being treated was a silicon steel 
for use in electrical transformers. JI did not hear of 
this type of machine being used elsewhere for pickling. 

I do not consider the surface of the strip treated 
through a Wheelabrator to compare with the surface 
of strip pickled conventionally, but for plants having a 
limited tonnage only, this machine may be a solution 
and would certainly be considerably cheaper in capital 
cost. 

The author refers to the V-type trimmer for trimming 
the welds in front of the tandem pickle lines. At one 
plant I visited, in addition to the V-type plough, a 
rotary grinder was installed in the line for trimming 
the welds ; I believe this was preferred to the V-type 
trimmer. Has the author any knowledge of this rotary 
type ? 

The rate of cooling of the coil after coiling at the hot 
mill plays an essential part in the ease of scale removal in 
the pickling operation. At one plant, where a new hot 
mill had recently been installed, the coils coming from 
the hot mill had to pass on a very long underground 
conveyor to the hot coil storage in front of the contin- 
uous pickle lines. The atmosphere in this underground 
conveyor became very warm, owing to the hot coils 
passing along the conveyor, with the result that the 
rate of cooling was very slow ; this caused much trouble 
with scale removal at the continuous pickle lines until 
suitable fans were installed to circulate cold air through 
the conveyor. 

The author refers to the incorporation of a side trimmer 
at the end of some pickle lines. This now seems to be 
considered almost an essential piece of equipment 
on any modern continuous pickling line, since with the 
increased speeds of the tandem cold mills it is essential 
to have a trimmed edge to the coil to avoid dangers of 
tearing the coil in the cold mills operating at these 
high speeds, with subsequent damage to the work rolls 
and other equipment. 


Mr. R. W. Treasure: I do not think there is any- 
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thing against welding tinplate gauges. It is, of course, 
preferable to slow-down the mill as the weld passes 
through the unit. 

We have had some experience of grinding the flash 
after welding, but I do not think we have any experience 
of @ grinding unit installed for that purpose. Normally. 
a plough stripper or @ cross-cut stripper has been used. 


Mr. N. Swindin (Nordac, Ltd.) : About twenty-five 


years ago, @ company was formed for the treatment of 


complex sulphide ores in Burma by a chemical process. 
The plant was required to handle boiling brine containing 
hydrochloric acid, for which only rubber was found 
suitable. The problem was to discover a means of lining 
large vessels on the site, employing native labour. 
Eventually a composition of rubber was evolved whic: 
could be jointed by welding and cured in boiling water 
solutioned joints were not satisfactory. 

By such a process pickling tanks 350 ft. long can be 
lined with rubber on the site. The lining is protected 
by a layer of acid-resisting bricks set in special cement. 
Acid-resisting flooring is made in the same manner. 
A layer of rubber is first applied to the concrete base 
and on this is laid the brick paving set in siliceous or 
bakelite cement. 


Mr. H. Edwards (Messrs. John Summers and Sons, 
Ltd.) : I should like to develop the idea of two capacities 
or potentials, as mentioned in a recent paper by E. D. 
Martin. The first potential may be described as the 
mechanical or machinery potential, and the second as 
the chemical potential. It is not difficult to visualize 
a continuous pickling line in which one potential wil! 
limit the other or wice versa. 

The mechanical potential refers especially to the feed- 
ing facilities with which it is possible to reduce manual 
labour, the efficiency of equipment such as the processer, 
welder, and flash trimmer, and the actual maximum 
speed of the line unhindered by the limits of the process. 
The chemical potential represents the maximum speed 
of scale removal, and is influenced by many factors. 
We have heard of the type of acid and the temperature ; 
inhibitors have also been mentioned. 

[ am not particularly concerned with the mechanical 
potential, because engineers are well able to design a 
line which will run at 200, 300, or even 500 ft./min. 
The welding of light strip has been mentioned ; we are 
familiar with the difficulties of butt-welding light gauges 
of the order of 0-064 in. 

With regard to the chemical potential, there are factors, 
such as the condition of the scale from the hot mill. 
which are more important nowadays than was previously 
the case. For instance, the front end of the strip from 
the hot mill, and especially the top surface, is often 
difficult to descale, with the result that the line speed is 
reduced to that necessary to clear the areas with difficult 
scale. 

I should like to emphasize the need to investigate the 
various types of scale, together with the influence of 
rolling and coiling temperatures and process treatment on 
the hot mill itself, so that the subject of scale condition- 
ing for pickling will be better understood. 


Mr. §. Graeff (Steel Company of Wales, Ltd.) : The 
greatest contribution to the pickling of hot-rolled coils 
has been made by the hot mill. Im the early days, 
the first continuous pickler operated at speeds around 
100 ft./min. At that time, on any continuous hot- 
rolled strip there were portions of that strip which 
could not be pickled at a faster speed. These were known 
as ‘ dinner plates ’; they were usually found at the ends 
of the coil and consisted of a local area of oxide which 
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had been baked at the temperature of the coil, and 
at the same time exposed to the air. The coil tempera- 
ture was particularly high, because the idea was that 
the coil should be coiled as close to the mill as possible 
and so was called self-annealed. 

The problem of dealing with iron oxide in mild steel 
is an extremely complex one. R. O. Griffis showed a 
great deal of courage in convincing people that the thing 
to do was to control the oxide coming out of the hot strip 
mill and into the coiler. 

The type of coiler has a great deal to do with oxide 
formation. I presume that the best coiler from the stand- 
point of oxide formation within the coil itself is a form 
of mandrel tension-type coiler which tends to coil tightly 
and straight at the edges. If the coil coming out of the 
hot millis properly treated with water and its temperature 
is reduced by 700 or 800° F., and if this coil is reasonably 
tight, with straight edges, oxide can be removed prac- 
tically as fast as the pickler can be operated. ‘Today 
in the U.S.A., with control of the hot-mill oxide, it is 
generally assumed that the pickler can be operated at 
a rate of 100 ft./min. for every 100 ft. of acid. 

Attention must be given to the high speed necessary 
to deliver unpickled strip to the looping pit. This 
speed must be at least double the pickling speed. The 
use of water in a looping pit is questionable. Ifthe water 
in the pit can be maintained reasonably warm, it will 
preheat the coil. Water also prevents scratching and 
slightly lightens the load on the pinch roll pulling 
the coil from the looping pit into the pickler. Water in 
the looping pit also mechanically washes a certain amount 
of scale from the strip. Against these advantages is 
the difficult problem of properly maintaining a looping 
pit operated in water. 

In some plants the strip is completely immersed after 
coiling, but to follow this practice the plant must be 
situated by a good water supply so that a considerable 
volume may be pumped through the tanks. Coils 
weighing up to 20,000 lb., tightly coiled at high tempera- 
tures, require a lot of cooling. 

If the oxide can be properly controlled at the hot mill, 
pickling is one of the problems which I consider to be 
more or less solved. It is certainly not the problem it 
was in the early days of the continuous hot mill. 


Mr. R. L. Willott (Messrs. John Summers and Sons, 
feeding mechanism : the combined feeder and processer, 
and the feed reel with the separate processer. If only 
on the score of ‘ coil-break,’ one of these methods is 
probably better than the other. Even though the nature 
of hot mill scale can be controlled, and should be con- 
trolled, there must be an optimum place in the pickle 
line for scale breaking. 

I have no experience of the combined scale-breaking 
unit, but can well imagine that it will accept a trimmed 
hot-mill tail end without difficulty. Will it accept 
automatically a distorted end such as _ frequently 
oceurs ? Can the pickle-line operators feed the plant 
without excessive manual effort ? In my experience, 
with separate pay-off and processing arrangements, 
this has not been achieved. Does the author consider 
that the combined machine has positive advantages ? 

Excellent thermal efficiency can undoubtedly be 
obtained in the steam heating of pickle tanks by blowing 
live steam straight into the bath. Steam for heating 
purposes, when condensed, is, however, normally greatly 
in excess of make-up water required to compensate 
for evaporation and carry-over. Would it not be possible, 
therefore, to inject as much live steam as is required 
to keep the tank level reasonably correct, introducing 
the balance in a ‘closed circuit ’ ? 


Ltd.) : The author has shown slides of two types of 
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The author mentioned the introduction of steam along 
the bottom and, alternatively, vertically along the sides 
of the tanks, and he said that this causes agitation of 
the acid in the tank. Does he mean by this a more or less 
continuous injection over the whole length of the tanks 
by means of long pipes with a series of holes. If so, 
of what material are they to be made and how are they 
to be maintained ? 

We have heard nothing about submerged combustion ; 
I imagine this has not developed sufficiently to be a 
practicable proposition in continuous picklers. 


Mr. R. W. Treasure: I do not think that processing 
and coil feeding are really one and the same thing. 
Before processing, the coil must be in position, and I 
think that processing, as such, has reached the point 
where we can say that we are breaking scale. 

The opening of an irregularly shaped and eccentric 
coil is a difficult problem which has not yet been effici- 
ently solved, but if the pickle tank speeds are to be 
increased, it must be solved, although it may entail 
some form of duplication of the entry-end machinery, 
the actual charging machinery, or the provision of an 
expensive rigging. Even on the latest linesin the U.S.A., 
with combined feeders and processers, heavy manual 
effort has to be used to feed irregularly shaped coils. 
Electromagnetic equipment has been tried, without 
success, as have several other sorts of complicated 
machinery. 

The type of equipment now normally provided for 
steam heating in tanks is lead tubing running practi- 
cally the full length along each side of the tank, spaced 
along its length with specially designed ceramic injectors 
which are small inserts burnt into the lead piping. 
The shoe type of injector, which was fitted in the early 
days, is no longer used. Whether the agitation will 
be sufficient for a wide tank is difficult to determine. 
Although at present there is no wide tank line in this 
country with this type of equipment, in other lines it 
has proved far more efficient than the old type of injector. 

The main problem with submerged combustion 
burners is their limited temperature ceiling of about 
180° F. With higher concentrations of acid, tempera- 
tures of about 215° F. are essential. 

Note—Since the discussion of the paper I have 
obtained information of a scheme whereby a submerged 
combustion burner can be used in a tank separate from 
the line, this tank being constructed to withstand internal 
pressure, and by the use of this principle increased tem- 
peratures can be obtained with the burner. 


Mr. J. H. G. Willan (Nettlefold-Stenman Hinges, 
Ltd.) : I should like the author to enlarge on the econo- 
mie advantages or disadvantages of butt-welding or 
stitching of stainless or silicon steel. 

I understand that trimming equipment at the end of 
modern pickling lines is put there to eliminate possible 
bad edges. Does not this side trimming work-harden 
the edges before the start of rolling ? If so, do not side- 
trimmed edges crack more than rolled edges and cause 
more trouble in the mills ? 


Mr. R. W. Treasure : Welding is normally used where 
the weld has to pass through the cold mill. Stainless 
and silicon steels are not normally flash butt welded for 
passage through the line, but are spot welded, with 
the reduction of as much scrap as possible. Stitching, 
if carefully located by the operator, does not entail a 
great deal of waste and is a simple operation ; whereas 
welding is a more complex problem since it entails 
the actual location of the weld, scarfing, upsetting, and 
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consequent cleaning, and the removal of the flash and 
of the scarfed material. 

I do not know of any pickle line on wide strip, 7.e., 
using material that would crack, with an efficiently 
designed side-trimmer. If the side-trimming operation 
were to create even worse cracks than rolling cracks, 
there would not be much point in side trimming. I have 
not a great deal of knowledge of this, nor experience of 
side trimming actually creating edge-cracking. 

Mr. H. Edwards (Messrs. John Summers and Sons, 
Ltd.): Unless the side trimming is done really well, 
serious trouble will result from side cracking. The 
side trimming must be particularly efficient. 

Mr. §. Graeff (Steel Company of Wales, Ltd.): Any 
coil that has been side trimmed, no matter how well 
it has been done, will show slight edge-cracking under 
close examination. In the case of tinplate, after the 
coil has been reduced and annealed, it is trimmed a second 
time. It is not only possible, but it is becoming general 
practice, to cold-reduce tinplate coil from hot-rolled 
coil which has been side trimmed. 

In rolling strip, the most important part is the edge, 
and anything that can be done to improve the hot- 
rolled strip edge is of benefit in the cold-reduction process. 
This is particularly important in the case of lighter 
gauges. One of the greatest troubles in cold rolling on 
high-speed mills is width variation. Another point is 
that the lighter the gauge of the hot strip the greater is 
the tendency to a weak edge condition. 

When rolling 60-80 tons/hr. on a cold mill, it is not 
possible to check just what is going into that mill. 
The best precaution is to prepare the slab edge by scarf- 
ing and then to side-trim the hot coil. 


CORRESPONDENCE 


Mr. G. H. Black (Kestner Evaporator and Engineer- 
ing Co., Ltd.) wrote: The author states that it is rarely 
practicable to construct pickling tanks of acid-resisting 
materials throughout, owing to the high cost, and also 
that an ideal acid-resisting material “‘ would of course 
be one which could be applied in a continuous homo- 
geneous surface.”” This idea is not new and is answered 
by the use of lead or rubber. The process of homogen- 
eous lead coating is common practice in the chemical 
industry, but is too expensive for this work, while rubber, 
a@ very common form of homogeneous lining, is subject 
to tearing, pinholes, and so on, as well as having a low- 
temperature resistance. 

The solution to this problem has, in fact, been achieved 
well beyond the theoretical stage by the application of 
Keebush material. This is not a lining, but is itself 
a constructional material of which tanks, etc., are built. 

In a continuous strip pickling plant now in course of 
erection in Belgium, there are four pickling tanks, a 
rinse tank, and two wash tanks, all in Keebush material, 
which conform in most details to the author’s conception 
of an orthodox strip pickling line. 

The statement that synthetic resins are of the group 
which do not possess the necessary mechanical strength 
is contrary to the experience gained in the most modern 
Keebush plants, not only under construction, but in 
use both in this country and abroad, where these mater- 
ials have given extremely good service ranging over 
a period of fifteen years. 


Keebush material will itself withstand a temperature 
of 130° C., as opposed to the figure of 100° C. for other 
materials quoted in the paper. Chemically, Keebush 
withstands nitric/hydrochloric acid mixtures at the 
same temperature range, namely 130° C., whereas the 
P.V.C. plastic sheets mentioned by the author will soften 
at temperatures in excess of 80°C. For hydrofluoric 
acid, Keebush is used with the same ease as in the other 
applications mentioned. 

The difficulties in design due to relative expansion 
coefficients do not arise in Keebush material and it is, 
of course, common practice to provide tanks in this 
material with drain connections as required, which is 
apparently not so in the tanks described by the author. 

Several exhaust trunking systems that were previously 
made in mild steel, hard rubber lined, have been and are 
being replaced by systems based on Keebush construc- 
tion, the fans being of axial flow design with complete 
Keebush contact, thus removing any fears of breakdown 
and the necessity for special precautions. 

In regard to the design of scrubbers or washing towers, 
this type of pickling line is being supplied with a 
Calder-Fox scrubber, made in Keebush. The Calder-Fox 
scrubber is the essence of simplicity, avoiding the necess- 
ity of water sprays and the disadvantage of handling 
the weak acid recovered in the normal way from scrub- 
bers. There are no moving parts and it is extremely 
efficient in its action. It returns to the pickling-bath 
acid at approximately the same concentration as the 
bath itself. This scrubber is a small unit which can be 
mounted in the chimney and requires no attention, while 
it is relatively inexpensive in first cost. 


AUTHOR’S REPLY TO CORRESPONDENCE 


Mr. R. W. Treasure wrote in reply : From past experi- 
ence it has been proved that it is not always a prac- 
ticable proposition to construct pickle tanks throughout 
of synthetic resin material, principally owing to the 
higher cost. The information given by Mr. Black is of 
interest, but the Belgian tanks are of a somewhat 
smaller capacity than that encountered in wide-strip 
continuous pickle lines, and it would be interesting to 
compare the cost of a wide-strip plant using Keebush, 
with that of the more conventional steel/rubber con- 
struction. As regards temperature, it is now possible to 
obtain temperatures in excess of 100°C. with tanks 
having rubber lining with modern acid-resisting tiling. 

The problem of expansion in tanks of rubber/brick 
construction is always present and necessitates the 
installation of special expansion joints, but it does not 
give serious trouble on modern plants. Drains are 
fitted in the more conventional type of acid tank, but 
by the use of a special design this drain can be used as 
an overflow control. 

Undoubtedly, exhaust trunking, when made in mild 
steel with a hard rubber lining, does need careful main- 
tenance, but, again, the use of this type of equipment 
has proved to be cheaper in cost than fans and ducting, 
etc., of Keebush construction 

With regard to the design of scrubbers and washing 
towers, it is agreed that this equipment demands much 
careful thought, and further research will be necessary 
with the advent of mixed-acid plants, and the atten- 
dant acid-disposal problem. 


The discussion on the paper by Mr. Wragge, and the discussion on the 
papers on “The Design and Operation of Annealing Plant for Mild-Steel 
Sheets and Coils” will be published in the January, 1950, issue of the 


Journal. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND 


INDUSTRY 





THE IRON AND STEEL INSTITUTE 
Annual General Meeting, 1950 


The Annual General Meeting of The Iron and Steel 
Institute will be held in London on Wednesday and 
Thursday, 26th and 27th April, 1950. 


Telephone Facilities 


As from 9th November, 1949, new telephone systems 
have been installed at 4 Grosvenor Gardens, London, 


S.W.1. The following are the telephone numbers now 
in use : 
The Iron and Steel Institute......... ] 
Joint Committee on National 
Certificates in Metallurgy......... | SLOane 
Joint Committee on Metallurgical 0061, 0062, 
URSURRMMBOUEAT sont eh possi chanesesoasecessp~ | 0063 
Mond Nickel Fellowships Com- | 
RRMEEIEID “Seve va scan weubersorss seis sessescss J 
SLOane 


The Institute of Metals............... 5928 and 6233 
The Institution of Metallurgists... SLOane 1172 


Members are asked to use these numbers in future, so 
as to avoid delay. Appropriate alterations in the London 
Telephone Directory will be made in due course. 


NEWS OF MEMBERS 


> Mr. P. T. ARTHUR has left the Royal Technical College, 
Glasgow, to join the staff of Hadfield’s Research Depart- 
ment, Sheffield. 

> Mr. N. F. AstBury has been appointed to the Founda- 
tion Chair of Applied Physics, in the New South Wales 
University of Technology, Sydney, and will shortly be 
relinquishing his position as Director of Research to the 
Guest, Keen and Nettlefolds group of companies. He 
expects to leave for Australia in December. Mr. Astbury 
was for 10 years at the National Physical Laboratory. 
In 1939 he went as Scientific Officer to the R.N. Scientific 
Service, in the Anti-Submarine Experimental Establish- 
ment, and became Principal Scientific Officer. From 
1945 to 1947 he was Director of Research at Messrs. 
J. Sankey and Sons, Ltd. He joined the G.K.N. Group 
Services, Ltd., as Director of Research, in 1947. 

> Mr. G. D. ATKINSON has graduated from Durham 
University with the degree of B.Sc., and has taken up 
the appointment of technical assistant to the Imperial 
Smelting Corporation, Avonmouth. 

> Dr. EpGar C. Barn has been awarded the John Price 
Wetherill Medal of the Franklin Institute, State of 
Pennsylvania, U.S.A. 

> Dr. Carl A. F. BENEpicks, Honorary Vice-President, 
was presented with the Grande Médaille Osmond of the 
Société Frangaise de Métallurgie, on Wednesday, 7th 
October, 1949, at the Sorbonne, on the occasion of the 
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commemoration of the centenary of the birth of Floris 
Osmond. Dr. Benedicks was Professor of Physics at 
the University of Stockholm for some years, and later, 
he was Director of the Metallografiska Institutet. He 
is internationally known for his researches in ferrous 
and non-ferrous metallurgy. 

He was appointed an Honorary Vice-President of the 
Institute in 1922. He is a Past-President of the Metals 
Section of the International Association for Testing 
Metals. 
> Mr. J. L. M. Bevan was appointed Manager and 
Director of the Baglan Engineering Co., (1919) Ltd., 
Baglan, Port Talbot, Glamorganshire, on Ist January 
1949. He has recently obtained the degree of M.A. 
(Cantab.), and has been elected an Associate Member of 
The Institution of Mechanical Engineers. 
> Mr. G. B. Brook has left the British Non-Ferrous 
Metals Research Association, and has taken up the post of 
Investigator at the Fulmer Research Association, Stoke 
Poges, Bucks. 
> Mr. G. Burns has been transferred from the Admiralty 
Materials Laboratory at Poole, Dorset, to their Central 
Metallurgical Laboratory at Emsworth, Hants. 
> Professor Morris COHEN, Dr. 8S. G. FLETCHER, and 
Dr. B. L. AVERBACH have received the Henry Marion 
Howe Medal of the American Society for Metals, for their 
paper on the study of kinetics of martensite and austenite 
decompositon by observation of dimensional changes in 
steels. This is the second time Professor Morris Cohen 
and Dr. Fletcher have received the Henry Marion Howe 
Medal. 
> Mr. E. W. Corseck, Metallurgical and Research 
Director of Messrs. Hadfields, Ltd., of Sheffield, has 
accepted an invitation to become a member of the 
Inter-Service Metallurgical Research Council. 
> Mr. E. 8S. CoRNWALt was appointed Managing Director 
and Chief Engineer of the City Electric Light Co., Ltd., 
Brisbane, Australia, as from Ist May, 1949. 
> Mr. J. P. DENNISON has obtained the degree of Doctor 
of Philosophy at the University of Leeds, and has been 
appointed Assistant Lecturer in Metallurgy at that 
University. 
> Mr. V. ©. FAULKNER has been elected an Honorary 
Life Member of the Institute of British Foundrymen, 
in recognition of the important contributions he has 
made to the progress of that Institute and the foundry 
industry. 
> Mr. G. B. Forster has left the Ministry of Supply, 
to take up an appointment on the works metallurgical 
staff of Messrs. Stewarts and Lloyds, Ltd., Corby, 
Northants. 
> Mr. L. C. Foster has taken up the appointment of 
Chief Draughstman at Messrs. J. Lysaght’s Scunthorpe 
Works, Ltd. 
> Mr. R. T. Fow.er of the Plant Engineering Division 
of the British Iron and Steel Research Association, has 
obtained the degree of Ph.D. of London University. 
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> Mr. Brian F Rost has left the University of Birming- 
ham, and has taken up an appointment at the Atomic 
Energy Research Establishment, Harwell, Didcot, Berks. 
> Dr. M. A. GrossMANN, Director of Research at the 
Carnegie-Illinois Steel Corporation, U.S.A., has been 
awarded the Albert Sauveur Achievement Award of the 
American Society for Metals. 

> Mr. E. GARNET JONES has been appointed Works 
Manager of the Cold Reduction Plant of the Steel 
Company of Wales, Ltd., at Trostre, near Llanelly, as 
from Ist October, 1949. 

> Mr. A. J. Kitireton has been awarded the degree 
of B.Se.(Eng.) of London University, and the Associate- 
ship of the Royal School of Mines, both with second-class 
honours. He has taken up an appointment in the 
Research Laboratories of Messrs. Goodlass Wall and 
Lead Industries, Ltd., Greenford, Middlesex. 

> Mr. F. L. LaQuE has received the Speller Award o 
the National Association of Corrosion Engineers (U.S.A.). 
Mr. LaQue is in charge of the Corrosion Engineering 
Section, Development and Research Division, Inter- 
national Nickel Co., Ine., New York; he is a Past- 
President of the National Association of Corrosion 
Engineers. 

> Dr. A. H. LEcKIE has been admitted as an Associate 
Member of the Institution of Chemical Engineers. 

> Dr. W. E. Mautn has been named as Director of 
Research at the Armour Institute of Technology, 
Chicago, U.S.A. 

> Mr. D. J. MANNox has obtained second-class honours in 
Part II (Metallurgy) of the Natural Sciences Tripos, 
at Cambridge University. He is now a graduate trainee 
with Messrs. Murex, Ltd., and is working at I.C.I. 
Metals, Ltd., Witton, Birmingham. 

> MonsiEUR JEAN Misset has been appointed Chief 
Engineer and Assistant to the Directeur Général of the 
Société Lorraine de Laminage Continu, (Sollac) Paris. 
> Mr. D. P. C. NEAVE has been elected a Member of 
Council of the British Non-Ferrous Metals Research 
Association. 

> Mr. E. F. NEWELL has retired from Messrs. Quasi-Arc 
Co., Ltd., after thirty years’ service with them ; first 
as metallurgist, and later as Sales Director in charge 
of Home Sales, Technical Services, and Publicity. 
Mr. Newell intends to practice as Consulting Metallurgist, 
at present operating from Cranmere House, Woodthorne 
Road, Tettenhall, Staffs. 

> Mr. R. E. Nosre has taken up an appointment with 
Messrs. Stewarts and Lloyds, Ltd., Corby, Northants. 
> Mr. D. 8. OLIVER has taken up a research studentship 
in the H. H. Wills Physical Laboratory at the University 
of Bristol. 

> Mr. H. W. Paxton has been awarded a post-graduate 
scholarship in Technology, tenable at Purdue University, 
Lafayette, Indiana. 

> Professor A. PORTEVIN, an Honorary Member of the 
Institute, has been nominated a Commandeur de |’Ordre 
de la Couronne de chéne de Luxembourg. 

> Mr. S. W. Rawson has been appointed a Managing 
Director of Messrs. John Brown and Co., Ltd., of Shef- 
field. Mr. Rawson’s headquarters will be in London. 
> Mr. J. G. Rrrcwi£ is Chairman for 1949 of the Physical 
Metallurgy Division of the Melbourne Branch of the 
Australian Institute of Metals. 

> Dr. I. G. SLATER has resigned the position of Director 
of Operational Research, Admiralty, and has joined Tube 
Investments, Ltd., as Director of Research and Develop- 
ment in the Aluminium Division. 

> Mr. J. E. SRAWLEY has obtained the degree of B.Sc. 
(Eng.) of London University, with first-class honours in 
metallurgy. He has taken up an appointment as research 
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metallurgist with the Mond Nickel Co., Ltd., Birming- 
ham. 

> Mr. K. F. Suruss, of the Plant Engineering Division 
of the British Iron and Steel Research Association, has 


been elected an Associate Member of The Institution of 


Mechanical Engineers. 

> Mr. D. E. J. Tavsor has joined the research labora- 
tories of the British Aluminium Co., Ltd., Gerrards 
Cross, Bucks. 

> Mr. J. P. WARNER has taken up the position of Junior 
Hngineer in the Metallurgical Department of Falcon- 
bridge Nickel Mines, Ltd., Ontario, Canada. 

> Mr. E. Wiiiis-JoNEs has gained the degree of B.Nc. 
(Eng.) of London University, at the Royal Technical 
College, Salford. He is now at Messrs. Dorman, Long 
and Co., Ltd., of Middlesbrough, Yorks., under an “ Inter- 
change of Engineers *’ scheme of training. 


Obituary 


Mr. BERNARD FRANcIS CLARK, Director of Messrs. 
Simon-Carves, Ltd., Stockport, on 24th August, 1949. 

Mr. E. VERNON Hitt of Swansea, in February, 1948. 
It is regretted that this information has only now been 
received. 

Mr. Rosert JAMES JAMISON, of Hale, Cheshire, on 
llth August, 1949. 


Mr. Ertc Lux, Director and Chief Metallurgist of 


Metal Alloys (S.W.), Ltd., on 30th March, 1949. 

Mr. BENJAMIN RosBeErts Chief Metallurgist at Messrs. 
Ndward Pryor and Son, Ltd., Sheffield, on 3rd April. 
1949. 


CONTRIBUTORS TO THE JOURNAL 
M. D. Brisby, Ing.Dipl. §.I.A., Assistant Civil Engineer 


in the Plant Engineering Division of the British Iron and 
Steel Research Association. His previous appointments 
were with the London and North Eastern Railway Com- 
pany, in York, and with the Trussed Concrete and Stee! 
Co., Ltd., in London. He took up his present appoint- 
ment in 1948. 


A. J. Elliott, B.Sc.(Eng.), A.M.I.C.E., A.C.G.I.—Assis- 
tant Engineer with Messrs. R. T. James and Partners. 
London. Mr. Elliott was born in Surrey, in 1928. 
He was educated at Ewell Castle School, at the Technica! 
College, Kingston, and at the City and Guilds College, 
London, where he graduated with first-class honours 
B.Sc.(Eng.), and the Associateship of the City and Guilds 
Institute. 

After taking a practical course in welding, Mr. Elliott 
joined the Welding Branch of the Department of Tank 
Design (Ministry of Supply) as an experimental assis- 
tant. He was promoted to Technical Assistant and then 








A. J. Elliott 


M. D. Brisby 
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Materials Officer, and was engaged in general research 
and investigation of welding problems. He left this 
position in 1945, but was elected a permanent member of 
the Tank Armour Electrode Technical Committee, whose 
meetings he had attended, as representative of the 
Department of Tank Design, since its inception. 

Mr. Elliott joined Messrs. R. T. James and Partners in 
January 1946. He is an Associate Member of the 
Institute of Welding, and of The Institution of Civil 
Iingineers. 


IRON AND STEEL ENGINEERS GROUP 


Meeting of Junior Engineers 


Junior members of the Engineers Group of The Iron 
and Steel Institute and of member organizations of the 
3ritish Tron and Steel Research Association met at 
Ashorne Hill, Leamington Spa, on 19th and 20th 
October, 1949, to take part in the first conference 
arranged jointly by the Group and the Plant Engineering 
Division of the Association. 

The 120 or so members attending appeared to represent 
almost all sections of the industry. Apart from the 
enthusiastic discussions at technical sessions, every 
advantage was taken of the opportunities for social 
contacts which are an attractive feature of the Ashorne 
Hill conferences. 

The proceedings opened on Wednesday afternoon with 
the discussion of a paper on ** The Repair and Mainten- 
ance of Furnaces, with Special Reference to the Planning 
of Open-Hearth Furnace Rebuilds,’ presented by Mr. 
S. Huntley of the Consett Iron Co., Ltd. 

Mr. Huntley indicated how the time lost in major 
repairs and rebuilds had repercussions on the cost of 
production, and he emphasized the importance of care- 
fully planned maintenance, which would largely avoid 
too frequent and serious major repairs. He gave 
examples of how the economic life of various parts of a 
furnace could be so adjusted as to allow of co-ordinated 
renewal or repair, and he showed how careful thought 
in the design of furnaces and shops could avoid much 
waste of time during rebuilds. The economic use of 
personnel and equipment and the planning of rebuilds 
was considered in some detail. 

During the discussion members gave many examples 
of how they had undertaken repairs and rebuilds, and 
most of Mr. Huntley’s remarks were supported. It 
appeared that the greatest problems at present en- 
countered were the difficulties in rapid dismantling of 
furnaces and the disposal of slag and debris. 

On Wednesday evening a novel * Accident Brains 
Trust ’’ was arranged. The circumstances leading to 
three industrial ** accidents ’’ were described, and the 
members of the audience were invited to say how they, 
as the responsible executives, would remedy the faults 
and return the plants to production. The original 
speakers then explained how the actual repairs were 
earried out. 

The first item was the collapse of the foundation of a 
gas-fired annealing furnace, described by Mr. W. E. 
Fletcher ; the second was the fracture of a drive coupling 
of a 4-stand tandem cold-reduction mill, described by 
Mr. H. Jones; and Mr. E. Batey described the third 
item, a break-out into the stave coolers of a blast-furnace. 

The methods suggested for remedying the faults were 
various but practical, and in many instances approached 
the methods actually employed. 

The final session, on Thursday morning, was devoted 
to the discussion of two short papers on *‘* Planned 
Maintenance of Mechanical and Electrical Machinery in 
Iron and Steel Works.”’ presented by Mr. C. E. Roebuck 
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of Messrs. Steel, Peech and Tozer, and by Mr. W. G. 
Mainwaring of the Steel Company of Wales, Ltd. 

As in the first session, the speakers pointed out that 
maintenance was a large item in the final cost of pro- 
duction, and they stated that planned maintenance by 
regular inspection and the repair of minor faults was 
the only way to prevent serious major breakdowns. 

The two speakers differed slightly in their approach 
to the problem but their underlying principles were the 
same. These can be stated briefly as: (1) spares control 
(2) routine lubrication (3) regular and thorough inspection 
(4) execution of minor repairs discovered during inspec- 
tion and (5) cost control. These items were expanded by 
the speakers who explained the systems in operation at 
their respective plants. 

The discussion was enthusiastic and ranged from the 
standardization of drawing numbers to the statistical 
approach to the problem of maintenance. It was 
evident that there were widely varying practices in 
different firms, but that each had the object of improving 
efficiency and cutting costs. 


AFFILIATED LOCAL SOCIETIES 


Cleveland Institution of Engineers 


Mr. E. T. Judge has been elected President for the 
Session 1949-1950. 


The following Meetings have been arranged : 


1949 
5th Dec.—** Slabbing and Plate Mills,’ by F. B. 
George. 
1950 


19th Jan.—-Talk by Sir Charles F. Goodeve, F.R.S. 
6th Feb.— Paper by Mr. Gibson. 
6th March—** Some Aspects of Modern Machine Tools 
and Their Application to Volume Production,” by 
D. Bailey. 
3rd April * From Ore to Tube at Corby.” by mn € 
Hendry. 
7th April—Film on ** Medern Chainmaking,” by 
The Parsons Chain Co., Ltd. 
All Meetings will be held in the Cleveland Scientitic 
and Technical Institution, Corporation Road, Middles- 
brough, and will commence at 6.30 P.M. 


Leeds Metallurgical Society 
The following Meetings have been arranged : 


1949 
Ist Dee. 
1950 
8th Jan.—Film on * The Bragg Soap Bubble.” 
2nd Feb.—** Oxidation and Scaling of Steels,” Wy 
A. Preece. 
2nd Marech—Film on * Modern Chainmaking,” by 
T. S. Davis. 
30th Marech—** Nodular Cast Iron,” by a member of 
B.C.1.R.A. research staff. 
4th May—Annual General Meeting and Junior Mem- 
bers’ papers. 


‘Corrosion Fatigue.” by A. J. Gould. 


All Meetings will be held in the Department of Chemis- 
try, the University of Leeds, and will commence at 
7.0 P.M. 
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Lincolnshire Iron and Steel Institute 


The List of Officers for the Session 1949-1950 is as 
follows : 
President 
H. M. HENDERSON 


Vice-Presidents 


S. G. DAviIEs Rear-Adm. C. W. LAMBERT 


S. R. Isaac A. H. Norris 
A. JACKSON J. D. TOWNSEND 


N. H. TuRNER 
Lt/Cmdr. G. W. WELLS 


W. L. JAMES 


Hon. Secretary 
C. H. WARBURTON 


Hon. Treasurer 
K. HoLuIncswortTH 


Members of Council 


T. L. JONES 

I. M. Kemp 

S. L. Putnam 
L. REEVE 

A. C. WaATKISS 
W. T. WILson 


KE. BLACKBURN 
A. BRIDGE 

G. D. ELxior 

J. L. L. GASKELL 
W. GEARY 


Sheffield Society of Engineers and 
Metallurgists 


The following Meetings have been arranged : 


1949 
19th Dec.—Annual General Meeting. 

** Steel and the Electron Microscope.” by G. A. 
Geach. (Members of The Iron and Steel Institute 
are invited to attend.) 

1950 
16th Jan.—Presidential Address. 
20th Feb.—** The Automatic Control of Open-Hearth 
Furnaces,” by T. Land. (Members of The Iron 
and Steel Institute are invited to attend.) 
20th March—(Joint Meeting with the Engineers 
Group of The Iron and Steel Institute). 
17th April—Film Night. 
All Meetings will be held at the Royal Victoria Station 
Hotel, Sheffield, and will commence at 6.15. P.M. 


Swansea and District Metallurgical Society 


The following Meetings have been arranged : 
1949 
10th Dee.—-** The Deep Drawing of Metals,” by H. W. 
Swift, 
1950 
14th Jan.—(Joint Meeting with The Iron and Steel 
Institute). Discussion on ** The Conversion to Oil- 
Firing at the Park Gate Works,’ by D. F. Marshall 
and H. C. White. 
28th Jan.—Annual Dinner. 
18th Feb.—‘* Ingot- Mould Design and Pit - Casting 
Assembly,” by W. L. Kerlie. 
18th March—‘* The Manufacture of Deep Drawing 
Steel,”’ by R. W. Evans. 
15th April—Annual General Meeting. 
A film on ‘“* Modern Chainmaking,” by The 
Parsons Chain Co., Ltd., will be shown after the 
business of the meeting is concluded. 


All Meetings will be held in the Central Library, 
Alexandra Road, Swansea, and will commence at 
6.30 P.M. 
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BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Steelmaking Conference 


The 33rd Steelmaking Conference, held at Ashorne 
Hill from 27th—29th September, 1949, marked the 25th 
anniversary of the formation of the Ingots Committee. 
This Committee, which was originally the Committee on 
Heterogeneity of Steel Ingots of The Iron and Steel 
Institute, was one of the first organizations for co- 
operative research in the steel industry. 

A number of papers were read at the Conference. 
including two on the historical development and present 
work of the Ingots Committee. The anniversary was 
celebrated with an enjoyable dinner. 


Steel Castings Conference 

A conference on foundry steel melting, held at Ashorne 
Bill on 22nd and 23rd September, 1949, was attended 
by over 100 representatives of the steel foundries and 
staff members of the Association. The latter described 
their work on desulphurization and dephosphorization, 
fluidity, and oxygen enrichment, and papers were reac 
on the technical and economic aspects of the various 
melting processes. 

Mr. F. A. Martin, the leader of the first Productivity 
Team to visit the U.S.A. under arrangements made by 
the Anglo-American Council on Productivity, presented 
a paper on productivity. There was no general agreement 
on which was the best melting process, but there was 
considerable support for the acid-electric process incor- 
porating higher power inputs. Savings of £2 per ton 
over the converter process have been claimed for this 
system. 


NEWS OF SCIENCE AND INDUSTRY 
The Commonwealth Fund Fellowship 


The Commonwealth Fund of New York, which is sup- 
ported by endowment from the late Mrs. Stephen V. 
Harkness and the late Mr. Edward 8S. Harkness, has 
established for British subjects a number of Fellowships 
tenable in the United States. The Fellowships fall into 
four categories : (i) Ordinary Fellowships, (ii) Home Civil 
Service Fellowships, (iii) Dominion Civil Service Fellow- 
ships, and (iv) Colonial Civil Service Fellowships. 

Conditions of appointment and tenure and further 
information can be obtained from the Secretary to the 
Committee of Award, Commonwealth Fund Fellowships. 
35 Portman Square, London, W. 1. 


Technological Studies in West Midlands 

Sir Arthur Smout, Director of Imperial Chemical 
Industries, Ltd., President of the Institute of Metals, 
and Vice-President of the Institute of Mining and Metal- 
lurgy, has succeeded Sir Hugh Chance as Chairman of 
the Regional Academic Board of the West Midlands 
Advisory Council for Technical, Commercial, and Art 
“ducation, following the resignation of the latter on his 
recent appointment as Chairman of the Council. 

The Regional Academic Board is a body appointed by 
the West Midlands Council to give advice on the develop- 
ment and co-ordination of higher technological studies 
in the West Midlands region. 


Ductile Cast Iron 


The Mond Nickel Company announce a new process 
for the production of cast iron, which even as-cast has 
a measurable elongation. After a few hours’ annealing 
at a moderate temperature, the elongation can be raised 
to approximately 15%, in association with a maximum 
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stress of approximately 30 tons/sq. in. The process is 
patented and is applicable to all normal methods of 
manufacture. Commercial production is now proceeding 
in licensed foundries. 


A Novel Training Course at Steel, Peech and Tozer 


During a repair shut-down of the 10-in. and 14-in. 
mills of this Company, for four weeks during September, 
the opportunity was taken to provide a special training 
course for some 30 youths under 18 years old who would 
otherwise be without occupation. 

With the co-operation of the Departmental Manager, 
the Education Officer of the Company arranged daily 
courses of talks, film shows, and visits to other local 
industrial firms. These were so chosen as to give interest - 
ing instruction not only on the working of the mills 
themselves but also on matters of social and civic 
importance. Many prominent local people offered their 
services in giving talks. 


Igranic ‘Open Day’ 

The Igranic Electric Co., Ltd., of Bedford, opened 
their works on 24th September, 1949, to over 4000 
friends and relatives of the employees. Great interest 
was shown in the special exhibits and in the demonstra- 
tions of manufacturing processes. Although the firm 
has been making motor control gear since 1913. few of 
the local residents knew of the range and uses of the 
firm’s products. 

The event proved to be an important morale builder 
for the employees, who enthusiastically demonstrated 
their work to their friends. 


British Welding Research Association 

Mr. N. A. W. Le Grand took up his appointment as 
Secretary of the British Welding Research Association, on 
17th October, 1949, thereby filling the vacancy created 
by the resignation of Mr. A. Barker. 


MEMOIRS 


Bernard Francis Clark died on 24th August, 1949. 
Frank Clark, as he was more generally known in the 
engineering industry, was born on 4th January, 1876, 
and served his apprenticeship with the Blaenavon Co.., 
Ltd., Monmouthshire, remaining with them for eleven 
years. In 1899 he was appointed Senior Draughtsman 
at the Brymbo Steel and Ingot Works, Wrexham, and 
was concerned with the installation of new open-hearth 
steelplant. He was later Chief Draughtsman to the 
Shelton Iron and Steel Co., Ltd., and Assistant Engineer 
at the Middlesbrough works of the North-Eastern 
Steel Co., Ltd. In 1909, he was appointed manager of the 
iron and steel department of Palmers Shipbuilding and 
Iron Co., Ltd., Jarrow-on-Tyne, and a year later he 
became Chief Engineer of the Partington Iron and Steel 
Co., Ltd., Irlam. After the First World War he joined 
Messrs. Stein and Atkinson, Ltd., as a Director. 

In 1920, Mr. Clark was appointed Manager of the 
Power Plant Department of Messrs Simon-Carves, Ltd.. 
Stockport, and was elected to the Board in 1926. In 
1945 he retired from that company, but continued as a 
part-time director and consultant until his death. Mr. 
Clark was a Member of The Institution of Civil Engineers, 
and of The Institution of Mechanical Engineers. He 
was elected a Member of The Iron and Steel Institute 
in 1901. 

Robert James Jamison of Hale, Cheshire, died on 
lith August, 1949. He was Assistant Sales Manager in 
the Boiler Department of Messrs. Simon-Carves, Ltd., 
Stockport. From 1916 to 1920 he served as Assistant 
Works Manager to Messrs. Fairbairn, Lawson, Combe. 
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Barbour, and Combe, Ltd., Belfast, leaving there for a 
similar appointment with Messrs. James Lowden and 
Co., Ltd., Belfast, where he remained until 1926. As 
Resident Sales Engineer he spent 11 years in India in 
the employ of Messrs. Davidson and Co., Ltd., Belfast, 
fan manufacturers, returning in 1938 to become Technical 
Sales Engineer in north-west England for the same firm. 
In 1945 he took up the post he was holding at the time 
of his death. 

Eric Lux died on 30th March, 1949. He studied at 
the Universities of Prague and Ziirich and obtained a 
Dipl.Ing. for chemistry and metallurgy. From 1922 
to 1928 Mr. Lux was with the A.G. fiir chemische Indus- 
trie (Scheidemantel Konzern) as Assistant Works 
Manager, and Works Manager, in Germany and Italy. 
From 1928 to 1939 he was Director and Chief Metallur- 
gist with Messrs. C. T. Petzold and Co., Prague. From 
1939 he was with Metal Alloys (S.W.) Ltd., Glamorgan- 
shire, as Director and Chief Metallurgist, specializing 
in the manufacture of pure metals and alloys of high 
melting point. He also acted as Consultant to the 
American Metal Company, New York, U.S.A. Mr. Lux 
was elected a Member of The Iron and Steel Institute 
in 1947. He was also a member of the Institute of Metals. 


Walter J. Petersen died on 6th October, 1948. 
He was born in Nykjébing, Falster, Denmark, and went 
to South Africa when quite young, becoming a South 
African National. He obtained the Mechanical Engineers 
Certificate of Competency with Honours, and the Elec- 
trical Engineers Certificate for Mines. 

For fourteen years he was Chief Engineer at Messrs. 
Haggie, Son and Love, and resigned to take the position 
of Manager at the Austral Iron Works, which position 
he held for eight years. At the time of his death he was 
Technical Manager at Messrs. C. J. Fuchs, Ltd., sheet 
metal specialists and manufacturers of Fuchs-ware 
metal products and domestic appliances. 

During the Second World War Mr. Petersen was 
*Keyman’ Lieutenant of the 150th Field Company, 
S:A.E.C., N.V.B. 

He was a Past-President of The Institution of Certifi- 
cated Engineers (S.A.) and of the South African Branch 
of the Institute of British Foundrymen ; Member of 
Council of the Institution of Engineers, South Africa, 
and a member of the Institute of Metals and of the 
South African Association of Production Engineers. 
He was an Associate Member of The Institution of 
Mechanical Engineers, and of the South African Institu- 
tion of Electrical Engineers. 

Walter Reichsfeld died on 29th April, 1949, whilst 
on a visit to Vienna. Mr. Reichsfeld was born in 1905, 
and he attended the Hochschule, and later studied 
shipbuilding under Professor Echert at the Technische 
Hochschule, in Vienna. After graduating in 1932, he 
entered the business founded by his grandfather for 
producing tin boxes. Before coming to England in 
1939 he spent a year in the concentration camps at 
Dachau and Buchenwald. 

During the whole period of the war he worked for 
the Ministry of Supply, first on tank production, at 
the Royal Ordinance Factory at Hayes, and later at 
the Adelphi until March, 1948. 

Mr. Reichsfeld was a member of The Institution of 
Mechanical Engineers, the Institution of Production 
Engineers, and the Royal Aeronautical Society. 

Benjamin Roberts died on 8rd April, 1949. From 
1928 to 1934 he was an assistant in the Metallurgical 
Department of the University of Sheffield, working 
successively under Dr. F. Ibbotson, Dr. Edwin Gregory, 
and Professor J. H. Andrew. From 1934 to 1943 he was 
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Chemist and Metallurgist to Messrs. Thomas Andrews 
and Co., Ltd., of Sheffield. In 1943 he was appointed 
Chief Metallurgist to Messrs. Edward Pryor and Sons, 
Ltd., Sheffield. 

In 1935 he gained the Associateship in Metallurgy at 
the University of Sheffield. Mr. Roberts was elected a 
Member of the Institute in 1944. He was also amember of 
the Sheffield Metallurgical Association and the Sheffield 
Trades Technical Society. 


Corrigenda 
Fourth Hatfield Memorial Lecture 


The following corrections should be noted to the text 
of the Fourth Hatfield Memorial Lecture, entitled 
‘“The Plastic Behaviour of Solids” by Sir ANDREW 
McCance, D.Se., LL.D., F.R.S. (Journal of The Iron 
and Steel Institute, 1949, vol. 163, Nov., pp. 241-249) : 

Page 242, Fig. 2: B — « = 0-075 should read B — a = 
0-75 

Page 243, right-hand column, table of moduli, the 
figures for EF should be multiplied by 1000. 

Page 244, left-hand column, third paragraph 
(line 22) should read: ‘‘ I have come to regard the 
influence of grain size as an effect due to surface 
tension. If we think ...” 

Page 246, right-hand column, equation (16) should 


read : : 
(“PY = aay 


Page 247, left-hand column, Fig. 13: The ordinate 
scale should read ‘* Stress, kg./sq. cm.,’? instead of 
** Stress, kg./sq.mm.”’ 

Page 249, left-hand column, table following equation 
25, the last figure in the column headed Sp should 
read “‘ 520-7,” instead of ‘f 518-9.” 


DIARY 


Ist Dec.—_LEEDS METALLURGICAL Society—-*‘ Corrosion 
Fatigue,” by A. J. Gould—-Department of Chemistry, 
University of Leeds, 7.0 P.M. 

Ist Dec.— LivERPooL METALLURGICAL SocrETyY—*‘ The 
Cold Working of Metals,” by C. H. Desch, F.R.s. 

9 The Temple, 24 Dale Street, Liverpool, 7.0 P.M. 


5th Dec.—-Soctety oF ENGINEERS——‘ Welding Research 
and Practice in the U.WS.A.,” by H. G. Taylor— 
Geological Society, Burlington House, London, 


W.1. 5.30 P.M. 

Dec.— Society or CHEmMIcAL INDustTRY (Chemical 
Engineering Group)—‘* Underground Corrosion of 
Ferrous Metals: Causes and Prevention,” by 
W. H. J. Vernon and K. R. Butlin—Apartments 
of the Geological Society, Burlington House, W.1, 
5.30 P.M. 

Dec.—SHEFFIELD METALLURGICAL ASSOCIATION 

** Slag Control,” by N. H. Bacon—198 West Street, 
Sheffield, 7.0 p.m. 

Dec.— MANCHESTER METALLURGICAL SOCIETY 

** Design of Wire Drawing and Other Cold Working 


6th 


6th 


7th 


Machines,’ N. Davidson—The Engineers’ Club, 
Albert Square, Manchester, 6.30 P.M. 
9th Dec.—-N.E. Coast Instrrution oF ENGINEERS 


AND SHIPBUILDERS—* The Development of Spring 
Foundations for Forge Hammers,” by E. E. Iliffe 


and J. Henderson--Mining Institute, Newcastle- 
on-Tyne, 6.15 P.M. 
10th Dec.—SwansEA AND District METALLURGICAL 


Soctety—‘‘ The Deep-Drawing of Metals,” by 
H. W. Swift—Central Library, Swansea, 6.30 p.m. 

10th Dec.—InstTITUTE oF BRITISH FOUNDRYMEN (Scot- 
tish Branch)—‘‘ Relations Between the Pattern Shop 
and the Foundry,” by R. Connell—Royal Technical 
College, Glasgow, 3.0 P.M. 
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ANNOUNCEMENTS AND NEWS 


13th Dec.—SHEFFIELD METALLURGICAL ASSOCIATION 
“The Hardening of Steel and Non-Ferrous Alloys,” 
by E. H. Bucknall—198 West Street, Sheffield, 9, 
7.0 P.M. 

14th Dec.—IRon AND STEEL ENGINEERS GROUP 
Eleventh Meeting—** Electric Generation and Distri- 
bution in Steel Works,” by T. Coxon, “ Protective 
Devices for Electrical Systems in Steelworks,” by 
H. V. Benns and A. W. Tozer, and “ The Layout oj 
Integrated Iron and Steel Works,” by H. H. Mardon 
and J.S. Terrington—4 Grosvenor Gardens, London. 
S.W.1., 10.30 a.m. 

14th Dec.—-NortH WALES METALLURGICAL SOCIETY 
Symposium on ‘ Whither Metallurgy,’ by H. 
Edwards, E. Taylor-Austin, F. L. Topham, and 
R. L. Willot—County Primary School, Plymouth 
Street, Shotton, Chester, 7.15 P.M. 


16th Dec.—Westr or Scotnanpd IRON AND STEEL 
[InstirutTE—‘‘ Some Practical Aspects of Recent 
Developments in Open-Hearth Furnace Design,” 


by A. H. Leckie—39 Elmbank Crescent, Glasgow, 
6.45 P.M. 
16th Dec.—Socirry or ENGINEERS—** Principles of 


Industrial Burners,’ by S. Hanson—17 Victoria 
Street, London, 8.W.1, 6.30 P.M. 

19th Dec.— INsTITUTE OF Cost AND Works AccouN?T- 
ants—‘‘ Foundry Costing,” by F. R. Helm 
Cleveland Scientific and Technical Institution, 
Corporation Road, Middlesbrough, 7.15 P.M. 


19th Dec.-—SHEFFIELD SOCIETY OF ENGINEERS AND 
METALLURGISTS—Annual General Meeting and 


** Steel and the Electron Microscope,’ by G. A. 
Geach—Royal Victoria Station Hotel, Sheffield, 
6.15 P.M. 


TRANSLATION SERVICE 


(The previous announcement was made in 

November, 1949, issue of the Journal, p. 354.) 
TRANSLATIONS AVAILABLE 

389 (German). P. O. VeH: “The Rated Fuel 

Consumption of Small Forge Furnaces.’ (Stahl 
und Eisen, 1949, vol. 69, July 21, pp. 514-519). 

No. 390 (German). F. HARDERS and H. GRreEewE : “ Con- 
tribution on the Behaviour of Graphite and 
Carbon in Chamotte Materials.” (Stahl und 
Eisen, 1949, vol. 69, July 21, pp. 519-523). 
(Translated by Mr. R. Sewell and made avail- 
able through the courtesy of the Research and 
Development Department, The United Steel 
Companies, Ltd., Stocksbridge, near Sheffield). 

TRANSLATION IN COURSE OF PREPARATION 

(German). P. RetcHarpt : * The Influence of the Throat 
Diameter on the Behaviour of Fines in the 
Blast-Furnace.” (Stahl und Eisen, 1949, vol. 
69, July 21, pp. 593-508). (Translated by 
Mr. R. Sewell and made available through the 
courtesy of the Research and Development 
Department, The United Steel Companies, Ltd., 
Stocksbridge, near Sheffield). 

CHARGES FOR CoPrIES OF TRANSLATIONS—The charge 
for the above translations is £1 for the first copy and 
10s. for each additional copy of the same translation. 
Requests should be accompanied by a remittance. 
These translations are not available on loan from the 
Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether they can be prepared for inclusion in 
the Series. 
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TEMPERATURE MEASUREMENT AND CONTROL 


Liquid Iron and Steel Temperatures in Practice. T. B. 
Winkler. (Blast Furnace and Steel Plant, 1949, vol. 37, 
May, pp. 536-542). The author describes a pyrometer of the 
Schofield-Grace type for measuring the temperature of liquid 
steel, and its uses in measuring the rate of heating of the 
open-hearth bath and the effect of working practice upon 
its temperature. The rate of fall of temperature between 
the furnace and the ladle, and in the ladle, is also studied. 

Re oa 

Photoelectric Control of High-Temperature Furnaces. 
F. C. Todd. (Electronics, 1949, vol. 22, Feb., pp. 80-83: 
{ Abstract] Bulletin of the British Scientific Instrument Re- 
search Association, 1949, vol. 4, Apr., p. 118). Temperatures 
up to 2500° C. can be held within 1% for days. A vacuum 
photocell acts as a detecting element feeding cascaded D.C. 
bridge amplifiers or A.C. bridge amplifiers, followed by an 
amplifier that actuates on-off or continuous phase-shift 
thyratron control of the furnace. 

Pyrometer for Molten Steel. (Electronics, 1949, vol. 22, 
Feb., pp. 152, 154, 156: [Abstract]. Bulletin of the British 
Scientific Instrument Research Association, 1949, vol. 4, 
Apr., p. 118). A photo-electronic bath pyrometer for high- 
speed and accurate measurement of molten steel tempera- 
tures has been developed. 

The Calculation of Temperature from the Readings of a 
Platinum-Rhodium /Platinum Thermocouple. 8. I. Pilip- 
chuk. (Zavodskaya Laboratoriya, 1949, vol. 15, Apr., pp. 
492-494), [In Russian]. Equations are given which are 
said to simplify the calculation of temperature from the 
readings of a platinum-rhodium/platinum thermocouple ; 
some numerical examples are worked out.-—s. K. 

Temperature Measurement in Metallurgical Industries. 
A. Linford. (Metal Treatment and Drop Forging, 1949, vol. 
16, Spring Issue, pp. 38-48). The author describes the com- 
mon types of temperature-measuring instruments under the 
headings of: (a) Thermoelectric pyrometers, (6) radiation 
pyrometers, and (c) optical pyrometers, giving in each case 
the theory of operation and examples of applications. Under 
recent developments, he deals with the use of photo-conduct- 
ive cells, two-colour pyrometers, the measurement of the 
temperature of liquid steel by the radiation pyrometer, and 
surface temperature measurement.—J. P. S. 

Engineered Instrumentation Makes Quality Control of 
Tin Plate Production Effective. H.C. Morrow. (Steel, 1949, 
vol. 124, June 20, pp. 120-126, 129). Extensive temperature 
measurement and control is practised on the hot-dip tinning 
line at Carnegie Illinois Steel Corp., Gary, Indiana. Annealing 
temperatures, palm oil, and tin bath temperatures are 
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measured. On the continuous electrolytic tinning line, the 
temperature and composition of the alkaline cleaning tank, 
and the temperature of the tinning and water-quench tanks 
are measured. Inspection of the finished sheet is partly 
automatic, by photoelectric and micrometric devices. Con- 
sumption of steam, gas, and compressed air is also eontinu- 
ously recorded.—.4. P. Ss. 


REFRACTORY MATERIALS 


Synthetic Metallurgical Powder for Open-Hearth Furnaces. 
A. 8S. Berezhnoi, V. I. Mitasov, and I. G. Fadeev. (Stal, 
1947, vol. 7, pp. 445-444 [in Russian]: Chemical Abstracts, 
1949, vol. 43, Apr. 10, col. 2555). The metallurgical powder 
referred to as Martenit is a fettling having a refractoriness of 


above 2000° and density 3-6 when calcined at 1480°. Its 
composition is: Cr,O, 1-59, SiO, 4-2°% , Al,O 23%. 
Fe,0, 10-2%, CaO 11-5°4, MgO 70°,, and P,O,; 0-4°%. Its 


mineral composition is: periclase (MgO) 69 dicaleitum 
ferrite (2CaO.Fe,O,) 12°,, braunmillerite (4CaO.Al,O0,.Fe,035) 
12%, dicalcium silicate (B-2CaO.SiO,) 12°), and magnesio- 
ferrite (MgO.Fe,O,) 7° The granulometric composition of 
the powder is : 1 mm. 31%, 1-3 mm. 16°, 3-5 mm. 16°,, 
and 5-12 mm. 37°. The sintering of this powder starts at 
1100°. This fettling was successfully used for hot-repairing 
of open-hearth furnace beds. A mixture of 60-65°;, Martenit, 
30°,, chromite, and 5—10°, clay was used successfully for 
repairing charging-door jambs. In this mixture Martenit 
was <2 mm. 

Refractory Linings of Reheating Furnaces. Y. Letort. 
(Comptes Rendus des Journées de la Grosse Forge, May 27-29, 
1948, pp. 177-187). The requirements of refractory linings 
used in reheating furnaces are discussed, reference being 
made to their mechanical strength, and resistance to thermal 
shock and attack by iron oxide. The properties of refractory 
insulating materials are briefly reviewed. The author then 
considers which material to use for each part of the furnace, 
the roof, hearth, walls, recuperators, and regenerators, and 
for the protection of surfaces and joints. Finally, he briefly 
refers to the proper insulation of the furnace to effect fuel 
economies. —J. C. R. 

Efficiency of Fireclay Hot Tops in Steel Ingot Casting. 
J. W. Mueller. (Ohio State University, Engineering Experi- 
ment Station News, 1947, vol. 19, No. 5, p. 47: British 
Ceramic Abstracts, 1949, Jan.-Feb., p. 61A). Trials were 
made to improve the efficiency of fireclay hot tops in order 
to reduce head-on ingot croppage from 15 to 10%, or less. 
A search of the literature indicated that a hot top which is 
more of an insulating or ‘ heat-block’ type might give the 
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desired results. The hot tops used in the tests were not 
preheated as in general practice and this probably explains 
the poor quality of the ingots. Results of the tests are to be 
published later. 

On the Preparation and Life of Acid Linings for High- 
Frequency Furnaces for Melting Steel. J. Kulhinek. (Hut- 
nické Listy, 1949, vol. 4, Apr., pp. 101-104). [In Czech]. 
A 2}-ton acid-lined high-frequency furnace for melting 
steel is described, with special reference to the lining. For 
making the acid lining, quartz sands of various grain sizes 
were used to which 2% of boric acid was added. During the 
war the boric acid content had to be reduced to 1%. 
The types of steel produced in these furnaces, their chemical 
compositions and their influence on the life of the lining 
are also given. The current consumption varied between 
600 and 700 kWh./ton of liquid steel and was about 750 
kWh. /ton for high-alloy steel.—r. «. 


BLAST-FURNACE PRACTICE AND PRODUCTION 
OF PIG IRON 


The Coke Consumption in Blast Furnaces. B. Splichal. 
(Hutnické Listy, 1949, vol. 4, May, pp. 139-141). [In Czech]. 
A method of calculating the coke consumption in_blast- 
furnaces is presented. The author analyses the effect of the 
blast temperature on the coke consumption for a constant 
ash content in the coke. The calculation is based on the 
amount of heat available in the hearth as a result of the 
heat generated by the combustion of carbon and also the 
heat content of the glowing coke. The heat carried away 
by the blast-furnace gas and also that required for heating 
up the coke itself is taken into consideration by suitable 
corrections.—£. G. 

Effect of Sized and Sintered Mesabi Iron Ores on Blast- 
Furnace Performance. H. F. Dobscha. (American Institute 
of Mining and Metallurgical Engineers, Proceedings of the 
Blast Furnace, Coke Oven and Raw Materials Committee, 
1948, vol. 7, pp. 49-67). See Journ. I. and §.I., 1946, vol. 154, 
p. 130a. 

Observations at the Stockline in a Driving Blast-Furnace. 
KE. W. Voice. (Journal of The Iron and Steel Institute, 1949, 
vol. 162, Aug., pp. 450-451). A technique for determining 
contour, movement, and gas composition at the stockline 
in a driving blast-furnace is described. A 2-in. dia. sleeve 
through the brickwork below the bell carries a long horizontal 
pipe 1} in. in dia. through which runs a Bowden wire with 
a suitable weight on the inner end. A traverse of the stock- 
line from wall to centre can be made in 2 to 5 min. The 
traverse can be repeated at regular intervals, thus enabling 
the rate of movement to be determined. By replacing the 
Bowden wire with a weighted flexible tube, gas samples can 
be obtained.—Rr. A. R. 

Smelting Pig Iron with High-Acidity Slags. V. I. Kotov. 
(Stal, 1947, vol. 7, pp. 404-409 [in Russian]: Chemical Ab- 
stracts, 1949, vol. 43, Apr. 10, cols. 2555-2556). The purpose 
of this investigation was to find means of desulphurizing pig 
iron, to permit the use of high-sulphur ores and coal. Pig 
iron (30 kg.) containing 0-6°, silicon, 0-9°, manganese, and 
0-01°, sulphur was added to 15 kg. acid slag. At 1400-1425° 
when the slag and the pig iron melted, to the heat sulphur 
was added (1°, of pig) as iron sulphide. After 40 min. 
ferromanganese was added. The more manganese was 
added to the heat, the more sulphur passed into the slag. 
From 3 to 5 min. after the addition of ferromanganese, the 
sulphur in the melt decreased from 0-6-0-7°%, to hundredths 
of 1°). In a hot heat containing 2-25-2-5°, manganese, a 
ratio of sulphur in slag to sulphur in melt of 4—5 can be 
attained. It is recommended for blast-furnace heats con- 
taining 20 kg. of sulphur per ton of metal to have a slag 
containing 45-60%, SiO,. 7-30°, Al,O,, 15-30°, CaO, and 
3—7°(, MnO-MnS. ‘The iron sulphide should be at a mini- 
mum. The metal should contain approx. 2-5°% manganese. 
The charge and the blow should be adjusted for a hot run. 
Hot metal containing not more than 0-35-0-40°, sulphur 
should be tapped into a hot (about 900°) ladle. Desulphuri- 
zation is finished within the ladle by the manganese in the 
metal and*fused sodium carbonate added to the ladle. 

Some Correlations between Variables Affecting Sulphur in 
Blast-Furnace Iron. T. E. Brower and B. M. Larsen. (Ameri- 
can Institute of Mining and Metallurgical Engineers, Pro- 
ceedings of the Blast Furnace, Coke Oven and Raw Materials 
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Committee, 1948, vol. 7, pp. 28-48). See Journ. I. and S.I., 
1949, vol. 162, May, p. 111. 

Endothermic Reactions Accompanied by Gas Evolution. 
A. Krupkowski and J. Zemelka. (Hutnické Listy, 1949, 
vol. 4, Mar., pp. 79-83). [In Czech]. In endothermic re- 
actions between solid bodies which are accompanied by 
evolution of gases, a particular temperature, the ‘ upper iso- 
thermnic temperature,’ can be distinguished. This tempera- 
ture is easily determined and is always higher than the 
equilibrium temperature. The difference between the two 
temperatures characterizes the degree of overheating of the 
system of solids above equilibrium temperature. In indus- 
trial processes endothermic reactions which are accom- 
panied by gas evolution usually occur at temperatures equal 
to or lower than the upper isothermic temperature, and the 
reaction is the slower the further the temperature is below 
the upper isothermic one.—. G. 

Switzerland and Iron. R. Durrer. (Von Roll Werkzeitung, 
1949, vol. 20, Mar., pp. 45-46). The economic situation with 
regard to the iron and steel requirements of Switzerland is 
discussed. The total consumption of iron in 1948 was 500,000 
metric tons, of which about 170,000 tons were produced in 
Switzerland. The large electric blast-furnace is still pro- 
ducing iron from Fricktal ore and a product from imported 
pyrites, and output is being increased by simple open-top 
electric furnaces for melting down collected scrap.—R. A. R. 


PRODUCTION OF STEEL 


Rapid Refining by the Ugine-Perrin Method. A. M. Port- 
evin. (Metal Progress, 1949, vol. 55, Apr., pp. 475-481). 
The fundamental principles of the Perrin process and the 
advantages claimed for it are summarized. The author then 
discusses how this rapid refining method can be used com- 
mercially to reduce the phosphorus content of the steel, 
for the simultaneous deoxidation and desulphurization of the 
heat, and for the production of certain ferro-alloys and 
high-alloy steels. Operational data are given.—J. C. R. 

Induction Heating. J. V. White. (Anales de Mecanica y 
Electricidad, 1949, May-June, pp. 146-161). [In Spanish]. 
The different types of high-frequency induction heating 
furnaces are described. Details are given of crucible design, 
form of coil and its insulation, and cooling and automatic 
agitation of the bath.—R. s. 

Physicochemical Processes in Liquid Steel. P. Ya. Ageev. 
(Stal, 1947, vol. 7, pp. 485-489 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Apr. 10, col. 2560). A thermo- 
dynamic analysis is presented of new phase formation in 
molten steel, e.g., FeO + Mn — MnO +- Fe. The shape and 
number of particles formed are determined by the energy 
relationship at the interface liquid-metal /liquid-manganese 
oxide (or other compounds). The particles become inclusions 
in the finished steel and their configuration, continuous 
chains or globules, affects the elasticity of the steel. 

The Chemistry of Metallurgical Slags. N. J. Grant and 
J. Chipman. (American Iron and Steel Institute, 1949, May, 
Contributions to the Metallurgy of Steel No. 29). Methods 
of determining the composition and basicity of steelmaking 
slags are reviewed. It is shown that the characteristic of 
basic slags is the presence of the oxide ion O-~. The 
concentration of this ion in the slag determines its basicity, 
but no direct means is available for measuring this. Other 
ions present in slags are the positive metallic ions, such as 
Ca++ and more complex negative ions such as orthosilicate 
SiO :— and metasilicate (SiO;~ —),. Acids and bases are 
defined on the basis of the Lewis theory and common oxides 
are listed in order of increasing basic strength.—R. A. R. 

The Distribution of Oxygen between Molten Iron and Iron 
Oxide-Silica Slags. G. Derge. (American Iron and Steel 
Institute, 1949, May, Contributions to the Metallurgy of 
Steel, No. 30). The reactions between iron and slags not 
saturated with silica have been studied using a rotating 
induction furnace with a heavy-walled fused silica crucible 
and an iron liner at the slag line. The iron with these iron- 
oxide/silica slags contains much more oxygen than it does 
with slags which are saturated with silica. The oxygen 
content of the iron is determined by the percentage of iron 
oxide in the slag and the temperature. The oxygen distribu- 
tion can be calculated from that observed for pure iron oxide 
if a slag molecule based on the Si,O,~* unit is used, and by 
considering that the oxygen which is linked to the silicate 
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through iron is highly ionized and similar in chemical pro- 
perties to the oxygen in pure iron oxide slag.—R. A. R. 

Survey of Mold Practice. (American Iron and Steel 
Institute, 1948, Feb., Contributions to the Metallurgy of 
Steel No. 18). This survey presents in tabular form the 
data obtained in answers to questionnaires on ingot mould 
design, preparation, use, and maintenance which were sent 
to 50 American steelmaking plants.—R. A. R. 


PRODUCTION OF FERRO-ALLOYS 


Carbon in Ferrochrome and Ferrosilicochrome. Kh. N. 
Kadarmetov. (Stal, 1947, vol. 7, pp. 507-510 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Apr. 10, cols. 2553-2554). 
The interrelation between silicon and carbon in ferrosilico- 
chrome is reviewed. The displacement of carbon by silicon 
in ferrosilicochrome is affected by size of the ferrochrome 
lumps used in the process, method of furnace charging, 
duration of run, arrangement of electrodes, method of 
casting, etc. Thus the carbon content in the alloy increases 
as the melting period shortens. In tapping the furnace some 
slag comes out with the metal and the slag contains approx. 
10 times as much carbon as the metal. When the lumps of 
ferrochrome are large, the reduction of silica by carbon does 
not go to completion and the carbides enrich the carbon in 
the metal. Careful control of these factors permits the pro- 
duction of a ferrosilicochrome of very low carbon content. 

Blast-Furnace Gas from Ferromanganese Smelting. E. 
Kunakov. (Stal, 1947, vol. 7, pp. 490-495 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Apr. 10, col. 2555). The 
deposition of dust on the bell assembly and along the path 
of the gas from the furnace to gas-cleaning units, wash- 
water ducts, etc., was observed during the war period when 
ferromanganese was smelted continuously for over three 
years. The quantity and compositicn of the dust deposited 
at various points are given. 

A/S Fiskaa Verk, Kristiansand. (Iron and Coal Trades 
Review, 1949, vol. 158, May 20, pp. 1093-1096). An 
illustrated description is given of the plant and operations 
of this Norwegian company which manufactures ferro-alloys 
and Séderberg electrode paste.—J. c. R. 


FOUNDRY PRACTICE 


The Melting Furnace in German Steel Foundries. H. Stein 
and K. Roesch. (Neue Giesserei, 1949, vol. 36, Apr., pp. 
106-110). An analysis is made of the statistics relating to 
the types and capacities of furnaces used in the German 
steel foundries. During the 1939-45 war about half the 
production was in basic open-hearth furnaces, and only about 
one-seventh from acid open-hearth furnaces owing to the 
shortage of suitable scrap for the latter. The graphite-rod 
rocking resistance furnace developed considerably in the 
1943-45 period ; in this furnace, usually of 1-ton capacity, 
the consumption of graphite is only 3—4 kg./ton, and, as the 
atmosphere is strongly reducing, the loss of alloying elements 
is small.—R. A. R. 

Estimation of Coal Dust in Foundry Sand. A. M. McConnell 
and J. McPheat. (Foundry Trade Journal, 1949, vol. 86, 
May 19, pp. 465-469). The authors examine the accuracy 
of three methods for the estimation of coal dust in foundry 
sand : (a) Estimating the loss on ignition ; (b) estimating the 
total carbon present ; and (c) estimating the volatile matter. 
A new method is proposed. The sample on receipt is dried 
at 105° C. and any metallic particles are separated by a 
meznet. Two samples are weighed and each is treated with 
boiling water and dilute hydrochloric acid and then dried 
at 105° C. Total carbon is estimated in one sample by 
burning it in oxygen by the usual combustion carbon 
method. The second sample is ignited and cooled under 
nitrogen to remove all the volatile matter and the carbon is 
then estimated as in the first sample. This gives the fixed 
carbon—from the difference of these two figures the volatile 
carbon is obtained. 
volatile matter in coal dust P 

—_—_—__—— = volatile 


Volatile carbon x sai i 
volatile carbon in coal dust nadie 


and : 
volatile matter + plus fixed carbon = coal dust (or coal 
dust equivalent) 


The equipment required and the procedure to be followed are 
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described. Experimental data indicate that reliable figures 
for fixed carbon and volatile carbon are obtained by this 
method.—s. c. R. 

Casting in Sand-Cement Molds. U. Keller. (Metallurgia 
Italiana, 1947, vol. 39, May—June, pp. 107-114: Bulletin and 
Foundry Abstracts of the British Cast Iron Research Associa- 
tion, 1949, vol. 9, Mar., p. 388). A description of the 
Randupson process is given, and its advantages are discussed. 

Experiences with Ethyl Silicate in the Foundry. D. F. B. 
Tedds. (Institute of British Foundrymen, June 14-17, 
1949, Paper No. 936). An account is given of the uses of 
ethyl silicate in the precision investment casting process and 
for such applications as furnace linings, refractory shapes, 
and washes. A method of core-making is suggested which 
has a limited scope for small- or medium-sized cores, its 
greatest advantage being that it eliminates the use of 
compounds which generate large quantities of gas. 

Coremaking at Coneygre Foundry. A. R. Parkes. (Foundry 
Trade Journal, 1949, vol. 86, June 9, pp. 543-547). An 
account is given of core-making practice at the Coneygre 
Foundry Ltd., Tipton, Staffs., where a resin-type core binder 
is used for which little heat or time is required in the drying : 
it has air-drying properties and is known commercially 
as * Airbond.’—4J. c. R. , 

The Advantages of the Recirculation of Hot Gases in a 
Foundry Oven. P. Rigaut and G. Ulmer. (Fonderie, 1949, 
Feb., pp. 1491-1493). The authors first discuss the use of 
hot gases in an open-circuit oil-fired oven and state that 
no advantage is gained in this case. The advantages of 
using hot gases in oil-fired and electric ovens using the 
recirculation principle are outlined. It is pointed out that 
the coefficient of heat transmission increases with the speed 
of circulation of the gases, thereby reducing the time taken 
and increasing production.—J. c. R. 

Loam Moulding of an Evaporator-Body Casting. W. H. 
Hornby. (Institute of British Foundrymen: Foundry 
Trade Journal, 1949, vol. 86, May 12, pp. 433-438; May 19, 
pp. 461-463). A detailed and illustrated account is given 
of the building of the loam mould for a large evaporator-body 
casting.—J. C. R. 

Precision Casting of Metals. J. J. Marvi:. (Institute of 
British Foundrymen). Views on Precision Casting. (Foundry 
Trade Journal, 1949, vol. 86, May 26, pp. 501-503). An 
outline is presented of the Osborn-Shaw precision casting 
process. Because of the cost of ethyl silicate, ordinary rough 
sand castings cannot be made economically by this method, 
but where any significant amount of machining is involved, 
or where a high finish is required, or where an alloy is 
required that cannot be forged or machined, this process 
can be worked very economically.— J. c. R. 

New Precision Casting Process Provides Better Finish, 
Closer Tolerances. H. Chase and L. T. Schakenbach. 
(Materials and Methods, 1949, vol. 29, Mar., pp. 52-56). 
The Mercast method of precision casting is described. The 
mould is made in much the same way as for wax patterns, 
but with a different shrinkage allowance. The mould is filled 
first with acetone to act as a lubricant and then with mercury 
at room temperature. The mould is next placed in a 
refrigeration tank containing methylene chloride and dry ice. 
A bent wire rod is placed through the sprue hole and the 
mercury freezes round it. The mercury having frozen, the 
mould is opened and the solid mercury pattern is lifted by 
the rod and dipped in a crystobalite slurry which is at a 
temperature well below the freezing point of mercury. The 
slurry freezes on to the pattern and the dipping process is 
repeated until a coating of sufficient thickness is obtained. 
The dipped investment is then allowed to absorb heat from the 
atmosphere and when the mercury liquifies it runs out and 
is cleaned for further use. The empty mould is dried at 
90° C., fired at about 1030° C., and cooled to a temperature 
suitable for casting the metal. 

Smoother surfaces, less pattern distortion, and very close 
dimensional limits are claimed for the process which has been 
successfully applied to obtain precision castings in aluminium 
and stainless steel.—Rr. A. R. 

Special Techniques Reduce Composite Casting Losses. A. K. 
Higgins. (American Foundryman, 1949, vol. 15, Feb., 
pp. 54-57). See Journ. I. and S.I., 1949, vol. 162, June, 
p. 232. 
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New Australian Foundry. (Foundry Trade Journal, 1949, 
vol. 86, Apr. 21, pp. 363-364). A brief illustrated description 
is given of the mechanized grey-iron foundry of General 
Motors Holdens, Ltd., Fishermen’s Bend, Victoria, Australia, 
which produces castings for the Holden motor car.—J. c. R. 


The Effect of Stripping Temperature on the Properties of 
Pearlitic Grey Cast Iron. (Institute of British Foundrymen, 
June 14-17, 1949, Paper No. 932). The results described in 
this paper show that, on the whole, the changes in the 
characteristics of castings, resulting from changes in stripping 
temperature over quite a wide range, are not very marked. 
There is a clear tendency for slight air-hardening to result 
when castings of medium section are stripped from the 
mould while still at a high temperature above the critical 
point. The air-hardening causes a small increase in tensile 
strength and an increase of 20 to 40 points in the Brinell 
hardness value. Other properties tend to vary in an irregular 
manner, and do not always show any clear change. Stripping 
at high temperatures does not cause notable changes in cast- 
ings of thin section below, say, $ in., since in these sections the 
rate of cooling in the sand mould is not very different from 
that in still air. The tendency for tensile strength values 
to be increased is not disadvantageous, but it is doubted 
whether it is a practicable operation regularly to produce 
castings of slightly higher tensile strength merely by normally 
stripping at a higher temperature, and still maintain a con- 
stant tensile strength level. The concurrent increase in 
Brinell hardness may be a disadvantage and lead to the 
necessity of reducing machining speeds on critical sections. 
Care would be needed with high alloy irons which, on stripping 
from a high temperature, might increase in hardness to a 
troublesome degree. The effects of stripping at a high 
temperature on consequent distortion are complex in their 
operation and have to be determined for each particular 
casting. High stripping temperature reduces distortion and 
internal stress in a casting containing widely spaced limbs 
differing in section, but where limbs are in closer proximity 
and do not vary in section, greater distortion may occur. 
The paper considers only the complete stripping of the 
casting at a given temperature and not cases of partial 
stripping where sections are exposed to different cooling 
conditions. 

The Mechanism of Freezing of Horizontal Steel Castings. 
(Journal of The Iron and Steel Institute, 1949, vol. 162, 
Aug., pp. 437-450). The paper was submitted by the 
Melting and Metallurgical Committee of the British Iron and 
Steel Research Association. A detailed metallurgical study 
of fifteen experimental carbon-steel castings has been made to 
ascertain the influence of casting temperature upon the 
mechanism of solidification and, therefore, upon the structure 
and physical properties of steel castings. Fourteen of the 
castings were 4 in. square, 18 in. long, and were cast hori- 
zontally, with varied degrees of superheat up to 100° C., to 
explore the effect of casting temperature with varying 
carbon contents within the range 0-12—0-54%. Another 
casting of the same dimensions was turned upside down 
before the internal solidification was completed. It is shown 
that low casting temperature favours random orientation 
of the crystal structure, whether this be of the dendritic or 
of the nuclear type, and high casting temperature favours 
columnar crystal growth. Over a wide range of casting 
temperature columnar dendritic crystallization predominates 
throughout the upper halves of the castings. Crystallization 
in the lower halves of the castings appears to be far more 
nucleated and finer in structure. For the higher casting 
temperatures there is some evidence of initial columnar 
dendritic growth from the lower casting face, but further 
within the castings’ randomly orientated dendrites occur. 
At the lower casting temperatures a fine nuclear crystallization 
takes place from the lower casting face, and at a greater depth 
within the castings randomly orientated dendrites occur. 
The lines of demarcation between these various zones are 
well defined, and are often associated with significant differ- 
ences in chemical composition. Similar results were obtained 
for the castings having a carbon content below and slightly 
above the peritectic limit of the $-iron region of the phase 
diagram. The columnar dendritic zones are slightly harder 
and of higher strength than the other zones, thus conforming 
with the observed higher contents of carbon, sulphur, and 
phosphorus in these zones. There appears to be a strong 
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gravitational influence operating during the process of solidifi- 
cation, and this influence is well confirmed by a complete 
reversal of the structure of the casting which was inverted 
before solidification was complete. 

Casting Inspection. J. H. Williams. (Institute of British 
Foundrymen: Foundry Trade Journal, 1949, vol. 86, Apr. 7, 
pp. 303-312; Apr. 14, pp. 341-349; Apr. 21, pp. 365-368). 
A detailed survey is presented of methods of inspecting 
iron and steel castings to determine soundness and dimen- 
sional accuracy. Amongst the topics discussed are the 
salvage of defective castings, core faults, shrinkage defects 
and other causes of failure, pattern defects, the influence of 
design on the percentage of defective castings, the qualifica- 
tions of inspectors, and equipment used.—J. c. R. 


HEAT-TREATMENT AND HEAT-TREATMENT 
FURNACES 


Speed of Cooling during Quenching and the Hardenability of 
Steel. M. E. Blanter. (Zavodskaya Laboratoriya, 1949, 
vol. 15, May, pp. 557-566). (In Russian]. The factors 
influencing the distribution of temperature in a body during 
cooling are first discussed in terms of heat transfer and thermal 
conductivity, and the discussion is then amplified to deal 
with the process of the hardening of steel, the effect of the 
shape of the body, of the nature of the quenching medium, 
and of the quenching temperature being dealt with. The 
bodies considered on the basis of experimental data and 
theoretical treatment are spheres, cylinders, and parallele- 
pipeds, the quenching media including air and liquids. The 
conclusions reached are incorporated in a nomogram in 
which the hardenability of steel bodies of various shapes 
and dimensions and the structure at their centres are related 
to the conditions of the hardening process. The quenching 
media incorporated in the nomogram are the following : 
water at 20, 40, 60, and 80° C.; 5% aqueous solution of sodium 
chloride at 20° C.; 5° aqueous solution of sodium hydroxide 
at 20° C.; mineral oil; animal fat; vegetable oils. The 
case of an ideal cooling-medium is also considered. The 
range of temperature dealt with is 760—1000° C., the speeds of 
cooling ranging from 0° to 1000° C. per sec. The construction 
of the various scales of the nomogram from the available 
experimental data is described, and examples are given of its 
use in calculating the best conditions for hardening steel 
objects of various shapes and dimensions.—-s. K. 

Some Principles Involved in Heat Treatment of Gray Cast 
Iron. A. Boyles. (Transactions of the American Foundry- 
men’s Society, 1948, vol. 56, pp. 462-472). See Journ. I. 
and 8.I., 1948, vol. 160, Sept., p. 104. 

Selection and Heat Treatment of Cutting Tools. N. [. 
Stotz. (Metal Progress, 1949, vol. 55, Apr., pp. 484-489). 
After discussing the hot hardness of tool steels and the 
relationship between structure and performance, the author 
considers the operational requirements of various tools, 
including drills and reamers, milling cutters, broaches, and 
lathe tools, and the heat-treatment required in each case. 

J. 0. B. 

The Heat-Treatment and Application of Some Tool Steels. 
A. C. Galbraith. (Australian Institute of Metals: Australa- 
sian Engineer, 1949, Mar. 7, pp. 77-81). Factors influencing 
the choice of steel for tools, and their heat-treatment at an 
Australian plant making agricultural implements are 
discussed. Blanking, punching, and forging dies are made of a 
high chromium steel (C 2-0%, Mn 0-3%, Cr 12-0%) or a low 
chromium steel (C 1-05%, Mn 0-2%, Cr 2°15%); punches 
are made of an oil-hardening tungsten steel (C 0°55%, Mn 
0°20%, Si 0-60%, Cr 1-1%, W 2-25%) ; light blanking dies, 
pneumatic, and hand chisels are made of an oil-hardening low 
chromium steel (C 0-5%, Mn 0:8%, Cr 1-0%, Zr 0-04%) : 
a plain high-carbon steel (C 0-95%) is used for cold heading 
bolt dies and cold blanking nut dies; for drop hammer dies 
an oil-hardening steel is used (C 0-55°%, Mn 0-60%, Cr 0-65%, 
Ni 1-5%, Mo 0-25%). The departments of the works are 
also described.—R. A. R. 

The Salt Bath Heat Treatment of Tool Steels. N. J. 
Sheppard. (Australian Institute of Metals: Australasian 
Engineer, 1949, Jan. 7, pp. 81-88; Feb. 7, pp. 38-46). The 
usefulness of the salt-bath method for heat-treating tool 
steels, especially those requiring high austenitizing tempera- 
tures, is shown. Extensive data on the compositions, 
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heat contents, and heat-treatment schedules for 18/4/1 high- 
speed steel, 9°, tungsten hot die steel and high-carbon high- 
chromium die steels are presented. Carburizing salt baths 
are adaptable to the heat-treatment of tool steels at tempera- 
tures below 900° C. provided the section does not exceed 2 in. 
Distortion is intimately coninected with the rolling direction ; 
on sections 3 in. and larger the following dimensional changes 
(in inches per inch) apply in the rolling and transverse 
directions respectively: 18/4/1 high-speed steel 0-002 and 
0-0005; 9°, tungsten hot die steel 0-0008 and 0-0001 ; 
high-carbon high-chromium steel 0-003 and 0-001. The 
18/4/1 high-speed steel requires two tempering treatments 
in order to guarantee practical dimensional stability. When 
9°% tungsten hot die steel is austenitized at 1230° C., one 
quenching procedure is totally inadequate to develop maxi- 


mum hardness and dimensional stability. In the case of 


sections exceeding 2 in., the secondary hardening treatments 
at 560° C. are essential.—R. A. R. 

The Effect of Tempering on Tool and Die Steels. P. 
Payson. (Machinery, 1949, vol. 74, May 12, pp. 626-628). 
The author discusses the effect on steels of tempering and 
gives a diagram and table showing the hardness of steels 
after tempering.—R. F. F. 

Heat Treatment of Large Forgings. KR. Gargon. (Comptes 
Rendus des Journées de la Grosse Forge, May 27-29, 1948, 
pp. 127-155). The author has studied the effect of the 
rate of cooling of large forgings on their structure and 
mechanical properties. Large forgings 120-920 mm. in dia. 
were used and their cooling rates on being oil-quenched or 
air-cooled were noted. Data obtained are presented in the 
form of graphs. Dilatometric tests were also carried out on a 
chromium-molybdenum-nickel steel and a_self-hardening 
chromium-nickel steel.—s. c. R. 

Heat Treatment of Forgings and Die Blocks at A. Finkl & 
Sons Co. (Industrial Heating, 1948, vol. 15, Dec., pp. 2068- 
2078, 2200; 1949, vol. 16, Jan., pp. 42-46, 134; Mar., pp. 
416-418). A description is given of the heat-treatment 
equipment at the works of A. Finkl & Sons, Co., Chicago, 
Ill., which consists of 20 furnaces with control rooms, 
quenching tanks, and auxiliary equipment.—R. A. R. 

Rational Determination of the Heat-Treatment of Machine 
Parts Made of Case-Hardened Steel. (Comptes Rendus, 1949, 
vol. 228, Jan. 3, pp. 96-97). The object is to separate in 
time the transformations within the core and case when 
case-hardening steel: the core is first transformed isotherm- 
ally into homogeneous lower bainite without deformation 
or stresses, after which the case is transformed into very 
hard martensite, with an increase of specific volume and the 
development of very high triaxial compression stresses when 
the rigidity of the core opposes the deformations. By 
plotting curves for the start and finish of the isothermal 
transformations on cooling of a case-hardening steel with, say, 
0-18°,, of carbon (corresponding to the core) and with, say, 
1% of carbon (corresponding to the case) it is possible to 
find an area in the diagram indicating heating times and 
temperatures such that the core will be totally transformed 
while the case-hardened layer will remain entirely austenitic. 


All the operating conditions including the composition of 


the steel, must be closely defined.—A. FE. C. 

The Hardening Behaviour and Cutting Properties of Steels 
with 9 to 18% Cr. F. Rapatz, H. Krainer, and K. Swoboda. 
(Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, Mar.—Apr., 
pp. 115-123). The heat-treatment and properties of a 
high-chromium steel (C 1-75%, Si 0-5°%, Mn 0-2°,, Cr 13%) 
were studied first. Increasing the hardening temperature 
increased the stability of the carbides dissolved in the 
austenite and shifted the martensite point to lower tempera- 
tures. The residual austenite after quenching in oil increased 
with increasing hardening temperature. On tempering 
between 500° and 600° C. carbides were precipitated from the 
austenite, and, on cooling after tempering, these caused 
further austenite-martensite transformation and _ greatly 
increased the hardness ; the thermal stability was almost as 
good as that of high-speed steel, but the true stability after 
several tempering treatments, was much below that of high- 
speed steels. The hardness and heat-resistance of the 
martensite increased with increasing proportions of carbon 
in solution. By raising the hardening temperature, steels 
with 9 to 13% of chromium can be made fully austenitic. 
By increasing the hardening temperature and suitable tem- 
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pering, the cutting properties of these steels can be raised 
30°%, above that obtained by ordinary hardening, but they 
still remain about 40% below those of the low-alloy high-speed 
steels.—R. A. R. 

Precision Heat Treating Oil Well ‘“ Sucker Rods.” (Steel, 
1949, vol. 124, Apr. 18, pp. 85-86). The heat-treatment for 
oil-well sucker rods of carbon and alloy steels at Oil Well 
Supply Co., Oil City, Pa., is described. After normalizing, 
the rods are reheated to obtain the desired fine grain-size, 
and quenched; they are then stretched, at a temperature 
just below the grain-size refinement temperature, with a 
load just above the elastic limit and cooled under tension. 

J.P. 8. 

Pyrobar Heaters for Salt Bath Furnaces. J. H. Fella. 
(B.T.H. Activ., 1948, vol. 19, Sept.—Oct., pp. 393-396: 
Electrical Engineering Abstracts, 1949, vol. 52, Apr., p. 140). 
The heaters have a high conductivity between winding and 
sheath, which means that heaters of small mass and dimensions 
can be made where suitable sheathing materials are available. 
Removable heaters are illustrated and described, and where 
necessary reduced loading on starting up from cold is obtained 
by an auto-transformer or a star/delta switching arrangement 
to give }4 loading during such periods. Their use in de- 
enamelling and descaling baths is briefly described. 

Automatic Salt Bath Carburising Furnaces. (Machinery, 
1949, vol. 74, May 26, pp. 695-696). A new automatic 
salt-bath carburizing furnace developed by Imperial Chemical 
Industries, Ltd., in co-operation with Guest, Keen & Nettle- 
folds (Midlands), Ltd., is described. This plant, designed to 
handle small mass-produced parts, consists of a feed hopper, 
pre-heater, forced draught carburizing furnace and water 
quench ; it can operate at temperatures of up to 950° C. 

R. F. F. 

Salt Bath Heating Rates. (Canadian Metals and Metallur- 
gical Industries, 1949, vol. 12, Feb., p. 20). Data on heating 
times for round steel bars in salt-bath furnaces, compiled by 
Ajax Metallurgical Service Laboratory, are presented and 
discussed. The rate of heat absorption is directly propor- 
tional to the 4th power of the difference in temperature of the 
bath and the bar.—nr. A. R. 

Furnace Atmospheres—Their Generation and Use. W. F. 
Barstow. (Metal Treating Institute: Industrial Heating, 
1949, vol. 16, Apr., pp. 614-624, 699). See Journ. I. and 8.1., 
1949, vol. 162, Aug., p. 483. 

Which Atmosphere for Heat-Treating and Brazing. C. E. 
Peck. (Machinist, 1949, vol. 93, June 4, pp. 212-216). 
The atmospheres which are suitable for the treatment of 
ferrous and non-ferrous metals are discussed. Hight types are 
listed with their properties, and tables show the treatment 
which is most suitable for each metal.—Rr. F. F. 

A Combined Carburizing and Nitriding Furnace. J. Lomas. 
(British Steelmaker, 1949, vol. 15, Jan., pp. 33-36; Feb., 
pp. 82-85). The principles and advantages of gas-carburizing 
are explained and discussed and an electrically heated 
carburizing furnace with forced circulation of the gases round 
the parts is described. The same furnace can be employed 
satisfactorily for nitriding, annealing, normalizing, hardening, 
and tempering. The consumption of ammonia gas is 20-30 
cu. ft./br. for every 100 sq. ft. of surface being treated at 
520—-530° C. with an average dissociation of 30° .—R. A. R. 

Facts and Fancies about Ammonia Carburizing. S. Tour. 
(Metal Progress, 1949, vol. 55, Apr., pp. 495-498). The 
term ‘ammonia carburizing’ ‘is used to designate the 
simultaneous nitriding and carburizing of steel in a gaseous 
atmosphere containing both ammonia vapour and carburizing 
gases. A brief survey is presented of the development of this 
process as reflected by patents taken out since 1915 and in the 
technical literature. The reactions that take place between 
the steel and the gases are not fully known, and some of the 
problems not yet resolved are outlined.—.s. c. R. 

Modern Surface Hardening Methods. P. F. Hancock. 
(Engineering Inspection, 1949, vol. 13, Spring Issue, pp. 
27-32). Descriptions are given of the principles and practice 
of carburizing in solid, liquid, and gaseous media and nitrid- 
ing, induction hardening, and flame-hardening are explained. 

Bi A. BR. 

Conventional vs. Salt Bath Hardening of Cast Iron Cylinder 
Liners. G. M. Lahr. (Transactions of the American 
Foundrymen’s Society, 1948, vol. 56, pp. 536-542). See 
Journ. I. and 8.1., 1949, vol. 161, Jan., p. 64. 
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Automatic Flame Hardening Steps Up Production of Steel 
Cams. H. Chase. (Materials and Methods, 1949, vol. 29, 
Apr., pp. 47-49). The problem of hardening eight separate 
cam surfaces on the inside of a steel ring was solved by 
designing a propane-oxygen flame-hardening machine with 
a special burner head which provided eight flames to impinge 
on the cam surfaces. A thermopile caused the gases to be 
shut off automatically when the required temperature was 
obtained. The ring was then pushed off the arbour into the 
oil-quenching tank. The machine, which hardens about 
four rings per min., is described and illustrated.—Rr. A. R. 


Specific Work Areas Surface Hardened by Concentrated 
Flame Method. J. DeEulis. (Steel, 1949, vol. 124, Apr. 11, 
pp. 86-88).. ~The flame-hardening of gears and cams up to 
19 in. in dia. and 24 in. face, and of shafts of multiple 
diameters is described.—J. P. s. 

Industrial Electrical Resistance Heating. L. P. Hynes. 
(Transactions of the American Institute of Electrical Engin- 
eers, 1948, vol. 67, Part IT, pp. 1359-1361). Factors affecting 
the design of electrical resistance heaters for a wide variety 
of purposes are considered.—R. A. R. 

Mercury-Arc Frequency Converter for Induction Heating 
of Metals. S. R. Durand and J. B. Rice. (Transactions of 
the Ameriean Institute of Electrical Engineers, 1948, vol. 67, 
Part II, pp. 1592-1599). An analysis is presented of the theory 
of operation of mercury-are equipment for converting 3-phase 
power for 60-cycle mains into single-phase power of a 
frequency of the order of 1 kilocycle for use in induction heat- 
ing and melting.—R. A. R. 

Surface Hardening of Metals and Modern Dielectric Heating 
Applications. M. Descarsin. (Electricit¢é, 1948, vol. 32, 
Nov., pp. 177-183: Fuel Abstracts, 1949, vol. 5, Feb., p. 158). 
An account is given of standard practices adopted employing 
the principles of high-frequency induction heating and dielec- 
tric heating, for such processes as local heat-treatment, 
surface-hardening, and welding. Some practical information 
is given relating to frequencies and thermal distribution. 
A number of industrial units are illustrated photographically. 

Hardening of Cast Iron Using High-Frequency Methods. 
M. I. Shitov. (Stanki i Instroument, 1948, vol. 19, Aug., 
pp. 23-25 [in Russian]: [Abstract] Metals Review, 1948, 
vol. 21, Dec., p. 36). High-frequency hardening is recom- 
mended for obtaining grey iron having high wear resistance. 
Substitution of grey iron for steel in many cases is thus 
made possible. 

A Look at Induction Heating. W.E. Benninghoff. (Steel 
Processing, 1949, vol. 35, Mar., pp. 133-136). Induction 
heating, its advantages, and some of its applications in the 
heat-treatment of metals are described.—R. A. R. 

Measurement of Interference from Radio-Frequency Heating 
Equipment. G. H. Brown. (Transactions of the American 
Institute of Electrical Engineers, 1949, vol. 67, Part IT, 
pp. 1102-1106). The increasing use of radio-frequency 
generators for industrial heating is a possible cause of inter- 
ference to wireless communication. This paper describes 
and discusses the measurement of fields created by such 
equipment.—R. A. R. 

Influence of Temperature and Heating Period on the 
Removal of Residual Stresses in Austenitic Steels. L. A. 
Glikman and V. P. Tekht. (Kotloturbostroenie, 1948, No. 2, 
pp. 12-16 [in Russian]: j{Abstract] Centre National de la 
Recherche Scientifique, Bulletin Analytique, 1949, vol. 10, 
No. 2, p. 1164). Residual stresses were created in austenitic 
18% chromium 8°% nickel steel by quenching in water from 
1050° C. The influence of tempering temperature in the range 
600-—850° C. on the disappearance of residual stresses was 
noted and they were almost eliminated by tempering for 
L hr. at 780-820° C. Similar treatment for other austenitic 
steels is recommended. 

The Formation of Cracks during the Martensitic Trans- 
formation of Steel. E. S. Jakovlev and M. B. Jakoutovitch. 
(Journal of Technical Physics, U.S.S.R., 1948, vol. 18, No. 1, 
pp. 71-74 [in Russian]: [Abstract] Centre Nationale de la 
Recherche Scientifique, Bulletin Analytique, 1949, vol. 10, 
No. 2, p. 1162). 

How to Reduce Adverse Effects of Fabricating on Magnetic 
Properties of Steels. J. E. Ryan. (Materials and Methods, 
1949, vol. 29, Mar., pp. 49-51). Cold-work effects induced 
by cold rolling, permanent bending, and shearing can 
generally be removed by annealing. Stacks of laminations 
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held in compression by clamps or rivets require a heavier 
magnetizing current to produce a given flux density than 
when uncompressed. Recommendations on _ purchasing, 
machining, and welding techniques are made.—R. A. R. 

Stress-Relief Heat Treatment of Alloy Cast Iron. M. M. 
Hallett and P. D. Wing. (Institute of British Foundrymen, 
June 14-17, 1949, Paper No. 930). Data are presented from 
stress-relief tests on test rings of normal sand-cast engineering 
grey iron (STA/8), centrifugally cast liner iron (Loded 
Centricast), centrifugally cast austenitic iron (Ni-Resist of 
high phosphorus content), and centrifugally cast 33°, 
chromium iron. The following conclusions are reached : 
(1) In comparatively low-alloy, sand-cast or centrifugally 
cast iron, over 80% relief of stress may be attained by 
heating to a temperature of 600° C. for 1 hr. This is not 
accompanied by any deterioration in mechanical properties 
or in microstructure. (2) In high-alloy iron of the 33°, 
chromium and Ni-Resist class, it is necessary to heat to 650° C. 
to obtain a satisfactory degree of stress relief. This does 
not affect the mechanical properties of the 33°, chromium 
iron, but may reduce the tensile strength of Ni-Resist by 
about 10%. (3) The magnitude of the initial stress does not 
have a predominating effect on the relief of stress at any given 
temperature but in all four materials there is a tendency for 
the percentage relief of stress to be higher with a higher 
initial stress. (4) Prolonging the time of treatment at 450° C. 
greatly increases the amount of stress relief, but the rate is 
prohibitively slow. (5) Ageing at room temperature for 
several months appears to lead to a maximum relief of 
stress of about 10°. The practice of relieving stress by 
heating to an elevated temperature is therefore greatly tc be 
preferred to the practice of weathering at atmospk2ric 
temperature.—J. C. R. 

Portable Cover Sheet Gas-Fired Annealing Furnaces. 
L. G. A. Leonard. (Gas Heat in Industry, 1948, Dec., pp. 
77-79). The advantages and disadvantages of car-bottom 
continuous and batch annealing furnaces are considered and 
an installation consisting of two bases and a portable lift-off 
cover for annealing packs of steel sheets is described. Heating 
is by gas burners arranged along each side of the base with 
gas at ? in. and air for combusion at 6 in. water gauge, the 
air being preheated by a recuperator.—R. A. R. 

Improved Annealing Furnace Operation by Use of Tempered 
Flame Burners. A. A. Fennell. (Industrial Heating, 1949, 
vol. 16, Feb., pp. 240-250). A description is given of a car- 
bottom annealing furnace, 50 ft. long with a car 5 ft. wide, 
fitted with two rows of gas burners on each side, 72 burners 
in all. The temperature controller operates the gas valve, 
and air is supplied through the burners at a preset rate. 

R.A. R. 

Stress Relief of Gray Cast Iron. J. H. Schaum. (Trans- 
actions of the American Foundrymen’s Society, 1948, vol. 
56, pp. 265-278). Stress-relieving heat-treatment tests were 
made on cast iron to obtain fundamental information. The 
following are among the conclusions: (1) In general, increas- 
ing the heat-treatment temperature increases the relaxation 
rate and degree of stress reduction ; (2) stress reduction is 
slow below 1000° F.; (3) rate of stress reduction is fastest 
during the first hour at temperature; (4) for any given 
temperature, the higher the initial stress the faster will be 
the initial relaxation; (5) alloy cast irons require higher 
temperatures and/or longer holding times to reach the same 
stress level as plain carbon irons ; (6) cooling in air after heat - 
treatment may introduce new stresses of considerable 
magnitude ; and (7) ageing indoors is an ineffective method of 
stress relief.—R. A. R. 

Delayed Quench for Steel Castings. S. L. Gertsman. 
(Transactions of the American Foundrymen’s Society, 1948, 
vol. 56, pp. 91-99.) See Journ. I. and §.I., 1948, vol. 160, 
Oct., p. 223. 

Researches on Isothermal Quenching in France and Abroad. 
G. Delbart and M. Ravery. (Institut de Recherches de la 
Sidérurgie : Revue de Métallurgie, Mémoires, 1949, vol. 46, 
June, pp. 399-418: July, pp. 475-502). A survey of recent 
advances of knowledge of isothermal transformation made 
in various countries is presented ; the subject is divided under 
the following headings: (1) Methods of studying isothermal 
transformation ; (2) influence of alloying elements on the 
shape of the S-curve ; (3) the pearlitic or Ar’ transformation ; 
(4) intermediate transformation; (5) martensitic trans- 
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formation ; (6) incubation; (7) high-speed steels; and (8) 
relations between the structure and the mechanical properties. 
A bibliography of 162 references is appended.—a. E. c. 
Isothermal Quenching. ('. Duchoni. (Hutnické Listy, 1949, 
vol. 4, 1949, Apr., pp. 105-112; May, pp. 142-143). [In 
Czech.] For thin cross sections isothermal quenching allows 
the obtaining of a hardened structure which is superior to 
that obtained by hardening and tempering. By addition of 
one or more alloying elements and suitable choice of austen- 
itizing temperatures it is possible to apply isothermal quench- 
ing to parts up to a thickness of about 1 in., and even more 
in the case of some alloy steels. The present knowledge of 
isothermal changes occurring in various types of alloy steel 
in the upper portion of the S-curve down to an austenitizing 
temperature of about 300° C. is summarized.—. G. 


Effect of Contamination of Quenching Media. H. E. Boyer. 
(Iron Age, 1949, vol. 163, May 5, pp. 88-91, 100). By the 
use of the Jominy end-quench test on samples from a bar of 
known hardenability, the effects of (1) increase in temperature 
of the quenching water, (2) increase in sodium chloride con- 
tent and of temperature where a brine solution was used, 
and (3) increase of temperature and of water contamination 
where oil was used were studied. In case (1) it was deter- 
mined that up to 150° F. (66° C.) the temperature of the water 
had little effect, but a rapid fall in quenching power occurred 
in the range 150—160° F. (66-71° C.) with a further, less 
rapid decrease between 160 and 180° F. (71-82° C.). In 
case (2) it was found that the quenching power of brine was 
almost identical with that of pure water, up to 30% sodium 
chloride, but that the stronger salt solutions do not lose 
their quenching power to the same degree below a tempera- 
ture 20-40° F. (11-22° C.) higher than is the case with 
water. In case (3), that of water-contaminated oil, it was 
found that, even if the mixture were fully emulsified, con- 
siderable falling off in quenching power resulted, and a 
large number of specimens cracked longitudinally, the 
proportion being 50% in an 8% water-oil emulsion. In pure 
oil, heated alone, the quenching power did not fall off below 
150° F. (66° C.); it was also noted that the addition of 59% 
petrol to the oil had little effect, whereas 10° improved the 
depth-hardness relationship.—J. P. s. 

Tempering in a Steam Atmosphere. H. M. Parshall. 
(Machinery, 1949, vol. 74, June 23, pp. 844-846). The tech- 
nique of using a steam atmosphere in heat-treating furnaces 
is described. It has been developed by the Leeds and 
Northrup Co. (U.S.A.), and is called ‘ Steam-Homo.’ 
Ferrous and non-ferrous materials can be heat-treated using 


a steam atmosphere, and in the case of steels, the surface of 


the steel reacts with the steam to form a thin layer (0-0002 
in.) of magnetic iron oxide. The applications of this technique 
are discussed and one of its advantages is that the scaling 
is reduced during the tempering or annealing of ferrous and 
non-ferrous metals.—R. F. F. 

Analytical Method for Estimating the Tempering of Steel. 
G. N. Kozlovskii. (Zavodskaya Laboratoriya, 1949, vol. 15, 
May, pp. 567-569). |In Russian]. Kazeev’s general equa- 
tions for the development of physicochemical processes are 
adapted to deal with the process of the tempering of steel. 
Experimental data obtained for the hardness of a carbon 
steel (0-35% carbon) after tempering at 350°, 450°, 550° and 
650° C. for periods of 6 sec. to 1000 hr. and analogous data 
for a steel with 0-82% of carbon and 0-75% of manganese 
are used to show that the equations are suitable for solving 
many problems of the heat-treatment of steel, such as the 
determination of hardness after tempering for a given time 
at a given temperature, and the calculation of the time of 
tempering to obtain a given hardness at a given temperature. 

S. K. 


FORGING, STAMPING, DRAWING, AND PRESSING 


A New Method of Forging Crankshafts: the R.R. Full-Fibre 
Process. J. M. Vialle and J. Lafont. (Comptes Rendus des 
Journées de la Grosse Forge, May 27-29, 1948, pp. 15-34). 
This paper is divided into three parts. In the first the 
heterogeneity of the as-cast ingot and the formation of a 
fibrous texture during forging is discussed, while in the second 
the influence of heterogeneity of steel on its mechanical 
properties is considered. Finally a description is given of 
the R.R. full-fibre process (named after Roederer) for the pro- 
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duction of crankshafts. The process involves cambering to 
form the crankpin and upsetting to form the web on either 
side of the pin.—J. c. R. 

Crankshaft Forging by the R.R. Continuous Grain-Flow 
Process. G. Cleghorn. (ESC News, 1949, vol. 2, Spring 
Issue, pp. 2-6). The R.R. process (the invention of 
Reederer) of forging crankshafts is described and illustrated. 
In this method the shaft is forged one throw at a time and 
there is no ‘ gapping out’; the bar is bent to form the 
crank and at the same time upset to form the webs. This 
means that the axis of the ingot is always at the centre of each 
section so that the surface layers of crank pins, journals, and 
webs are of sound material with a continuous grain flow. 
The initial rolled or forged round bar is smaller than that 
used in conventional methods.—R. A. R. 

Forging Crankshafts One Throw at a Time. H. Malcor. 
(Iron Age, 1949, vol. 168, June 23, pp. 71-73). The ‘ R.R. 
continuous grain-flow’ forging process is described (see 
preceding abstract. 

Vibration Controlled Foundations for Forging Hammers. 
R. Hammond. (Engineer, 1949, vol. 187, May 20, pp. 551- 
553). A description is given of the new forge of John I. 
Thornycroft and Sons, Ltd., Southampton, with special 
reference to the design of the foundations for the steam 
hammers. The largest hammer has a 2-ton tup and there 
are five other hammers with tups weighing 5, 7, 7, 10, and 
10 ewt. respectively. Test borings 30 ft. deep were made to 
study the geological strata. A vibrograph was used to 
measure the vertical and horizontal vibrations when a 14-ton 
iron ball was dropped 2 ft. 6 in. at several points. A fre- 
quency of 10 cycles/sec. was always strongly in evidence. 
All the foundation frequencies were therefore kept substanti- 
ally different from this value. The foundations, which are 
described in detail, were designed on the basis of methods laid 
down by W. C. Andrews and 8S. H. A. Crockett (see Journ. I. 
and S8.I., 1947, vol. 155, Jan., p. 151).—R. A. R. 

Steel Tube and Pipe Manufacture in Australia. (B.H.P. 

teview, 1949, vol. 26, Mar., pp. 1-4). Brief illustrated des- 
criptions are given of two new tube-making plants in Aus- 
tralia. The first is that of Stewarts and Lloyds (Aust.) Pty., 
Ltd., where strip or skelp is passed through rolls to shape the 
tube and then through a continuous welding machine which 
closes the seam. The second is that of British Tube Mills 
(Aust.) Pty., Ltd., for cold drawn and electrically welded 
precision tube production.—R. A. R. 


“VSG ’’ Hydraulic Variable-Speed Drives Applied to Wire 
Drawing Machines. (Machinery, 1949, vol. 75, July 28, pp. 
129-131). Driving Wire Drawing Machines. (Mechanical 
World, 1949, vol. 126, July 22, pp. 90-92). If two hydraulic 
motors are supplied with pressure fluid from a common 
source, a differential characteristic is produced. If two 
motors are of the same capacity the torque which each can 
exert will be equal, whereas if one motor has twice the 
capacity of the other, a 2 to 1 ratio differential will result, 
the differential feature still being maintained. This principle 
is applied to wire drawing in the “ VSG ”’ hydraulic drive by 
employing hydraulic motors of the same capacity to drive 
each block, the different torque requirements being met by 
different spur and bevel gear ratios between the motor and 
block spindles. A pilot motor operating the pump tilt 
mechanism controls the speed of the whole machine, while the 
individual block speed control is entirely automatic, the wire 
itself being the controlling factor.—R. A. R. 

Effect of Copper on Patenting Wire. K. I. Tulenkoy. 
(Stal, 1947, vol. 7, pp. 459-460 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Apr. 10, col. 2558). Tests were 
carried out with a copper-contaminated (0-10—0-23%,) steel 
in order to determine the effect of copper on the duration of 
isothermal decomposition of austenite and the allowable 
patenting speed of wire drawn from such steel. Specimens 
were heated to the austenitic state, then rapidly transferred 
to a molten lead bath kept at 460-580°, and then water- 
quenched. The presence of copper retarded the de- 
composition of austenite. The retardation was less at 
higher temperatures but still noticeable. Therefore wir 
drawn from copper-containing steel cannot be patented at the 
usual high speed. 

The Design of Dies for Wire-Drawing. EE. Siebel, N. 
Ludwig, and P. Melchior. (Wire Industry, 1949, vol. 16, 
Apr., pp. 339-341). This is an abridged translation of a 
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paper which appeared in Werkstatt und Betrieb, 1948, vol. 81, 
July, pp. 177-180 (see Journ I. and 8.I., 1948, vol. 160, Dec., 
p. 440).—-R. A. R. 


ROLLING-MILL PRACTICE 
The Cold Rolling of Stainless Steel Tubing. Z. A. Koff. 


(Bulletin de Documentation de ]’Association Technique de 
l’Acier et des Métaux Non-Ferreux, 1949, vol. 3, Mar., pp. 
19-26). This is a French translation of a Russian article 
which appeared in Stal, 1948, No. 3, pp. 241-247. (See 
Journ. I. and §.1., 1948, vol. 159, July, p. 335).—n. F. F. 

Power Requirements of Roll Tables. A. Geleji. (Banyas- 
zati 6s Kohdszati Lapok, 1949, vol. 4, May, pp. 183-186). [In 
Hungarian]. The author presents a method for calculating 
the acceleration and power requirements of roll tables. The 
application of the method is shown by an example.—.. a. 

Steel Sheet Shearing. W. Maddox. (Steel, 1949, vol. 125, 
July 4, pp. 68-69). The methods used for separating sheet 
from the packs in which it is received, and of handling and 
positioning it for shearing, are described.—J. P. s. 

A New Gauge for Sheets. J. Lomas. (Instrument Practice, 
1949, Mar., pp. 201-202). A new type of X-ray thickness 
gauge for sheet metal is described. The gauge comprises a 
pair of X-ray sources and one photo-tube pick-up device. 
Radiation from the lower X-ray source is directed upwards 
through the sheet (which may be moving at high speed on to 
a coiler) on to the pick-up. Rays from the upper source pass 
downwards through a standard sample or specimen of the 
correct thickness on to the same pick-up. The two sources 
emit radiation 180° out of phase, and the pick-up compares 
the intensities of the two beams. Any discrepancy in the 
intensities impinging upon the pick-up is registered on the 
indicator instrument.—R. A. R. 

Electronic Thickness Gage Reduces Amount of Off-Gage 
Steel. (Steel, 1949, vol. 124, Apr. 25, pp. 83-84). The X-ray 
thickness gauge installed on the last finishing stand of the 
hot strip mill at the Cleveland plant of Republic Steel Corp., 
is described. Known as a Measuray, it is, in fact, a com- 
parator, the absorption of the strip being compared with that 
of specimens of standard thickness, the differences in output 
of two pick-up cells being amplified and indicated on a meter. 


J.P. 8. 
WELDING AND FLAME-CUTTING 


Inert-Gas-Shielded-Arc Welding Equipment. N. E. Ander- 
son. (Welding Journal, 1949, vol. 28, Mar., pp. 222-228). 
Electrode holders, both air- and water-cooled, and the 
auxiliary equipment and electrical circuits for welding, with 
inert-gas-shielded arc, a number of non-ferrous metals and 
stainless steel, are described.—4J. P. s. 

Research on the Crystalline Structure of Arc Welding Beads. 
A. A. Aloff and I. M. Wagapoff. (Avtogennoe Delo, 1948, 
vol. 19, June, pp. 10-15: [Abstract] Bibliographical Bulle- 
tin for Welding and Allied Processes, 1949, vol. 1, Jan.—Mar., 
p. 55). The solidification process of the filler metal during 
arc welding is studied metallographically. The deposition is 
in successive layers ; the limits of which may become starting 
points for gaseous inclusions, cracks, or cavities. The influ- 
ence of the working method and thermal conditions upon the 
disposition and size of the dendrites is discussed; a fine 
crystalline structure is essential to ensure a sound welding 
bead 


The Present Position of Arc Welding. C.Stieler. (Schweis- 
sen und Schneiden, 1949, vol. 1, Jan., pp. 2-10). The 
development of welding machines and techniques during and 
after the 1939-45 war are reviewed, and some machines for 
hard-facing railway wagon wheels are described.—Rr. A. R. 

Resistance-Welding Machine and Power Supply. C. E. 
Smith. (Transactions of the American Institute of Electrical 
Engineers, 1948, vol. 67, Part II, pp. 995-1004). The 
relative merits of series-capacitor and shunt-capacitor correc- 
tion equipment for power-factor correction when using D.C. 
welding equipment are discussed, and the use of metallic 
rectifiers and electronic frequency-converter systems is 
explained.—R. A. R. 

Poke Welding Offers New Method of Joining Stainless, 
Aluminium and Mild Steel. F. J. Pilia. (Materials and 
Methods, 1949, vol. 29, Mar., pp. 64-67). A new process of 
spot welding is described, the tool for which consists of a 
moulded plastic pistol carrying a tungsten electrode in the 
centre of a water-cooled copper cup. The cup is pressed 
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against the outer of the two surfaces to be welded and the 
end of the electrode is # in. from the work. On pressing the 
trigger, a solenoid-operated valve admits argon to the cup 
and a high-frequency current is superimposed on the welding 
current to ionize a path between the electrode and the work. 
A preset timing device shuts off the welding current and a 
second device stops the flow of argon after 10 or 15 sec. 
These spot welds can be made in awkward positions where the 
sheet metal is accessible on one side only.—Rk. A. R. 

Welding Practice for Large Tubes. M. Komers. (Schweissen 
und Schneiden, 1949, vol. 1, Apr., pp. 53-60). Methods of 
making tubes 318 mm. in dia. and larger by welding are 
described. They include: (a) Heating in a hydrogen-air 
flame and closing the lap by either hammer blows or pressure 
rollers ; (6) submerged are welding ; and (c) resistance weld- 
ing.—R. A. R. 

The Calculation of Welded Steel Joints for Static and 
Dynamic Loads. <A. Kévesi. (Royal Hungarian Palatine- 
Joseph University, Publications of the Department of Mining 
and Metallurgy, 1939, vol. 11, pp. 81-113). Hungarian 
practice in the calculation of static loads which can be applied 
to welding joints is described and the calculation of permis- 
sible torsional stress and other stress combinations is dis- 
cussed. Weld design for high-pressure pipelines, vessels, and 
boilers is dealt with. Foreign designs of welds in thick- 
walled pipes are considered unsuitable, whereas the methods 
of De Saint Venant, Bach, and Herrmann are thought to give 
more useful results. Finally, the design of welds for repairing 
riveted bridges and for new bridges is considered.—Rr. A. R. 

Steel Properties Related to Welded Performance. J. 
Heuschkel. (Welding Journal, 1949, vol. 28, Mar., pp. 
135-8—152-s). Data obtained by L. C. Bibber and the 
author in a study of the T-bend test for welds (see Journ. I. 
and S§.I., 1945, vol. 152, p. 144) have been studied at length, 
and conclusions, relating so far only to }-in. plates, are drawn ; 
the basic variable influencing the deformation and energy 
absorption capacities of welded T-joints is shown to be the 
total carbon and alloy content. The relative effects of carbon, 
manganese, phosphorus, sulphur, silicon, nickel, copper, 
chromium, molybdenum, and titanium have been studied, 
but it is considered that the conclusions are not directly 
applicable to plates of other thicknesses, or involving different 
thermal, stress, and rolling conditions.—s. P. s. 

Development of Weldable High-Strength Steels. ©. E. 
Sims and H. M. Banta. (Welding Journal, 1949, vol. 28, Apr., 
pp. 178-8—192-s). Experiments on a series of steels contain- 
ing 0-14-0-23% of carbon and 1-11-1-50°,, of manganese 
showed that, in the fully hardened state, such a steel retained 
much of the ductility and impact resistance which it possessed 
in the hot-rolled state. The authors then passed on to per- 
form underbead cracking tests in the light of the above find- 
ings; the tendency to this defect was then stronger with 
a type of electrode which produced an atmosphere high in 
hydrogen, but could, even so, be reduced by homogenizing 
at 2350° F. (1290° C.) followed by normalizing at 1600° F. 
(870° C.), though the times required were impractically long. 
The effect of alloying elements on the steel was then studied, 
it being found that the tendency to underbead cracking is 
slightly increased by the addition of silicon, with no increase 
in yield strength; it was not affected in either particular by 
chromium: vanadium and molybdenum did not increase 
the cracking tendency but did increase the yield strength, 
The use of aluminium as a deoxidizer was also found to affect 
the cracking tendency, this being greatest where only a 
moderate amount was used for the purpose. The general 
conclusions are that underbead cracking is due to the delayed 
release of hydrogen and that a high-yield-point steel with 
little tendency to cracking can be obtained if the carbon 
and manganese contents are limited to 0-13-0-15% and 
1-30% respectively, and 0:12% vanadium and 0-50% 
molybdenum are added.—.s. P. s. 

Making Rings of Stainless Steel. R. Groves. (Metallurgia, 
1949, vol. 39, Feb., pp. 217-219). A process of making stain- 
less steel rings, which is economical when the number of rings 
required does not warrant heavy expenditure on dies, is 
described. The method consists of joining two semicircular 
pieces of stock material by oxy-acetylene pressure welds, 
or by induction welding. The faces to be welded must be 
ground or machined perfectly smooth and flat. The best 
welding temperature for 18/8 stainless steel is about 1200° C, 
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and the mechanical pressure employed ranges from 3000 to 
6000 Ib./sq. in.—R. A. R. 

Repair by Arc Welding of a Valve Body of a Three-Plunger 
Hydraulic Pump. A. Kleandr. (Svarovani, 1949, vol. 9, 
June, pp. 69-70). [In Czech]. A crack in a cast-steel valve 
body weighing 1 ton was repaired by are welding. The com- 
position of the steel was: 0-47% C, 0-67% Mn, 0-15% Si, 
0:04% P, and 0-024%, 8. Asingle U-groove joint was made. 
The part was preheated to 200° C., and kept for 10 hr. at 
180° C. after the welding process was completed. The valve 
body was then allowed to cool down, and, after inspecting 
the weld, its temperature was increased slowly, during 
12 hr., to 600° C. and kept at that temperature for 12 hr. The 
furnace was then switched off and the part removed when its 
temperature dropped to 100° C. The annealing took four 
days. The cost of the repair was about 60% of the cost of 
a new casting.—E. G. 

Welding as Applied to Railways and Rolling Stock. B. R, 
Byrne. (Transactions of the Institute of Welding, 1949, 
vol. 12, June, Welding Research, pp. 52R-59R). The use 
of welding in boilers, trucks, valve gear, driving wheels. 
wagon underframes, and for emergency repairs to wheels is 
described.—J. P. 8. 

Welding on British Railways—Trackwork and Structures. 
N. W. Swinnerton. (Transactions of the Institute of Welding, 
1949, vol. 12, June, Welding Research, pp. 60R-66R). The 
use of welding in re-surfacing switches and crossings, in joining 
up lengths of rail and, in the case of conductor rails, of con- 
nector bonds, and in the construction of bridges, signal 
gantries, sheds, etc., is described.—s. P. 8. 


Welding as an Aid to the Saving of Steel and Manpower in 
Railway Workshops. 4G. Foster. (Transactions of the 
Institute of Welding, 1949, vol. 12, June, Welding Research, 
pp. 67R-72R). The author describes the uses of welding in 
the building up of worn axles and other parts, and in the 
construction and repair of locomotive frames and wagons. 

Control and Inspection for Quality Welds. J. L. Wilson. 
(Welding Journal, 1949, vol. 28, May, pp. 443-452). The 
author describes in general terms the function and organiza- 
tion of inspection, with reference to design, materials, and the 
training of welders.—4J. P. 8. 

Deformation of Welded Joints Made by Automatic Welding 
with Submerged Electrodes. V.M.Rybarkov. (Avtogennoe 
Delo, 1948, vol. 19, No. 6, pp. 20-24); [Abstract] Svaro- 
vdn{, 1949, vol. 9, June). Experimental results obtained in 
tests on butt welds, fillet and lap welds, are described in the 
paper, and curves showing the relation between the deforma- 
tion and the welding conditions, and the type and thickness 
of the electrodes used are also given. With butt welding the 
deformation is smaller, but with fillet and lap welding the 
deformation is larger than in the case of manual welding. 


E. G. 

The Sécheron Electrodes ‘* SCW ’’ of S.A. des Ateliers de 
Sécheron, Geneva. M. Ro&. (Eidgendssische Material- 
prufungs- und Versuchsanstalt fiir Industrie, Bauwesen und 
Gewerbe, 1944, Aug., Report No. 150). An extensive 
investigation of the microstructure and mechanical properties 
of welds made with the Swiss electrodes Sécheron “* SCW ” is 
reported.—R. A. R. 

Investigation of the Structure of the Weld Metal in Arc 
Welding. I. M. Vagapov. (Avtogennoe Delo, 1948, vol. 19, 
No. 6, p. 10: [Abstract] Svafovaini, 1949, vol. 9, June). 
Metallographical investigations were made of the solidifi- 
cation of the weld metal in are welding. The weld metal 
is deposited in successive layers between which bubbles and 
cavities, and even cracks may occur. The paper also deals 
with the influence of the technique and the heat conditions 
on the formation and size of the dendrites. A fine crystalline 
structure of the weld metal is an important condition for the 
good quality of a weld.—z. a. 

Determination of the Microstructure of Weld Seams in 
Corrosion-Resisting Steel on the Basis of Microhardness. 
B. I. Medovar and A. E. Asnis. (Zavodskaya Laboratoriya, 
1949, vol. 15, May, pp. 570-571). [In Russian]. A brief 
account is given of experiments which showed that the 
presence of carbides in the weld increases its susceptibility 
to intercrystalline corrosion and diminishes its plasticity. 
Photomicrographs are shown to illustrate the results of micro- 
hardness determinations on the weld metal, it being possible 
to distinguish, by such determinations, the chromium carbide 
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and ferrite components. It is suggested that to estimate 
properly the quality of a weld, it is necessary to investigate 
the microstructure and microhardness of the seam.—s. K. 

All-Weld-Metal Tensile Tests. E. Flintham. (Welding. 
1949, vol. 17, Apr., pp. 160-164). The value of tensile tests 
on ‘ all-weld-metal’ specimens is discussed, and it is shown 
that, even though the materials and procedure comply with 
British Standards 639, 709, and 782, the results vary consider- 
ably. It is suggested that the specimens should be heat- 
treated and that the interval between the deposition of runs 
should be sufficient to keep the interpass temperature below 
250° C.—R. A. R. 

The Welding, Brazing and Soldering of Coated Metals. 
E. V. Beatson. (Journal of the Electrodepositors’ Technical 
Society, 1949, vol. 24, pp. 41-56). The application of 
various joining processes to coated metals, is discussed. 
The most suitable coating for soldering steel is tin. Of the 
protective coatings for steel, tin-zinc plating appeared to be 
the most easily soldered and was also applicable where steel 
components were first welded and then soldered ; whichever 
process was used, the plating should be of the highest quality 
and of consistent specified thickness. Too thin plating was 
often troublesome when soldering, while, when welding, 
best results were obtained with consistently thin plating. 

3.0. R. 

Corrosion Resistance of Powder-Cut Stainless Steels. L. E. 
Stark and C. R. Bishop. (Welding Journal, 1949, vol. 28, 
Mar., pp. 104s—115s). Stainless steels of the following alloy 
compositions (1) Cr 18-20%, Ni 8-24% ; (2) Cr 24-7%, Ni 
19-98% ; (3) Cr 17-74%, Ni 13-65%, Mo 2-26%; (4) Cr 
18-50%, Ni 11-0%, Nb 0-56%, the carbon content of all 
being approx. 0:08%, were powder-cut and welded. It was 
found that the powder-cut surface could be used directly 
for welding though a light surface grinding or sand-blasting 
was advisable before multi-pass welding. Only in unstabil- 
ized steels does powder cutting produce carbide precipitation, 
and full corrosion resistance may be restored by annealing or 
by removal of ~-} in. of metal by machining: stabilized 
steels are not affected.—4J. P. s. 

Controlling Cutting Tip Clearance. H. G. Hughey and 
R. B. Steele. (Welding Journal, 1949, vol. 28, Mar., pp. 
239-242). Systems for the control of flame-cutting machines 
so that they can adjust themselves to vertical irregularities 
in the sheets being cut, are described. That most recently 
developed employs a “ feeler” flame moving ahead of the 
cutting torch: a photoelectric cell is placed so that light 
from the interior of this flame falls upon it, and by reaction 
to the interference with this light caused by the flame striking 
a projection or irregularity, operates a servo-mechanism 
which raises or lowers the cutting torch. Filters are fitted to 
remove undesirable infra-red radiation from the heated work- 
piece ; with an oxyhydrogen flame the photocell can be madk 
to operate entirely in the ultra-violet range.—J. P. s. 

Specialised Steel Mill Cutting Machines and Controls. R. F. 
Helmkamp and A. H. Joch. (Welding Journal, 1949, vol. 28, 
Mar., pp. 213-219). Highly specialized machines, frequently 
with electronic controls, have been developed for gas cutting 
structural shapes from sheet, plate, and beams: heavy 
cutting gear, for disposal of scrap, is usually manually 
controlled.—s. P. s. 

The Possibilities of Increasing Production in Processes 
Using Oxygen. C. Hase. (Schweissen und Schneiden, 1949, 
vol. 1, Jan., pp. 10-14). The methods of increasing welding 
and cutting speeds when using the oxy-acetylene torch 
reviewed in this paper include (a) increasing the exit velocity 
of the gases from the burner nozzle, (b) using a torch with 
twin burners, and (c) the Aga process of deep-welding by which 
plates up to 15 mm. thick with square edges (i.e., no bevelling 
is required) can be welded.—R. A. R. 

The Groove Planer and Its Application Possibilities. H. H. 
Grix. (Schweissen und Schneiden, 1949, vol. 1, Mar., 
pp. 35-44). An oxy-acetylene torch for cutting U-grooves 
is described. It is supplied with three sizes of nozzle for 
cutting grooves from 3 mm. deep x 6 mm. wide to 8 mm. 
deep x 6 mm. wide. Its principal application is for cutting 
grooves for subsequent welding, and the cost of this work is 
very much less than that of mechanical planing, pneumatic 
chipping, and grinding. Other applications include cutting 
splines, spiral grooves, and swages, cutting cracks out of 
castings, and removing weld metal.—n. A. R. 
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CLEANING AND PICKLING 


Metal Cleaning with Acid. (Product Finishing, 1949, 
vol. 2, Apr., pp. 16-18). The prevention of hydrogen em- 
brittlement during pickling and plating processes is discussed. 
To drive off hydrogen after pickling, parts may be heated to 
200-250° C., held for about 4 hr., and then allowed to stand 
for a few hours.—R. A. R. 

Electrolytic Pickling for Galvanizing and Terne Lines. 
E. A. Matteson. (Twenty-second Meeting of the Galvanizers 
Committee, St. Louis, Missouri, Apr. 12, 1949: ZDA 
Abstracts, 1949, vol. 7, June, p. 80). This is a survey of the 
benefits of electrolytic pickling, and a description of a typical 
unit. A 20% sulphuric acid solution was used at 160—180° F., 
the current supply giving 5000 amp. at 8-10 V. Acid con- 
sumption is reduced, no inhibitor is required, and the danger 
of hydrogen embrittlement is removed. 

Synthetic Surface-Active Agents in Metal Finishing. 
Georgia Leffingwell. (Metal Finishing, 1949, vol. 47, Apr., 
pp. 68-70). A number of synthetic surface-active agents 
used in metal cleaning, pickling, and plating processes are 
reviewed. This wide range of products is broadly classified 
as anionic, cationic, and non-ionic. The first comprise those 
with the active part of the molecule in the anion or negative 
portion ; they include sulphonated fatty acid esters. The 
cationic group have a long-chain oil-soluble cation. The 
third group consists of excellent emulsifiers.—R. A. R. 

De-Enamelling. G. H. Spencer-Strong. (Bulletin of the 
American Ceramic Society, 1949, vol. 28, May 15, pp. 183-186). 
The common methods of de-enamelling with their applications 
and limitations are discussed. The methods include those 
using acids, molten caustic soda, boiling caustic soda, and 
sand-blasting.—R. F. F. 

Tests of the Preparation of Steel Surfaces Prior to Painting. 
H. Baudot. (Métaux et Corrosion, 1948, vol. 23, Jan., 
pp. 19-28). In 1943 steel specimens, with surfaces treated 
in different ways prior to painting, were exposed to the atmos- 
phere at Lille (industrial town), Vitry-sur-Seine (country) 
and Monaco (sea coast). The present interim report gives an 
account of the preparation of the specimens and _ their 
appearance after 18 months’ and four years’ exposure. 

7.0: 8. 

Reducing Finishing Costs through Modern Techniques. 
S. Wernick. (Metal Finishing, 1949, vol. 47, Mar., pp. 63-70, 
73). See Journ. I. and 8.1., 1949, vol. 162, July, p. 361. 


PROTECTIVE COATINGS 


Treatment of Plating Wastes. E. G. Kominek. (Metal 
Finishing, 1949, vol. 47, Mar., pp. 56-62). Methods of 
dealing with spent plating solutions are reviewed. Neutraliza- 
tion of acid wastes by dosing with lime is described and Hoak 
and Lewis’s table comparing the costs of various alkaline 
agents is given. ‘Toxic metals such as copper, nickel, zinc, or 
iron are dealt with by increasing the pH to 8-5-9-0 and 
precipitating them as hydroxides. Removal of cyanides by 
acidification to hydrocyanic acid and subsequent removal by 
aeration will reduce the cyanide concentration to about 
1 p.p.m. Recommendations are made on the types of plant 
to deal with different quantities and kinds of waste. Filters 
and the disposal of sludge are discussed. The use of ion 
exchangers for recovering heavy metals from waste solutions 
is also being investigated.—R. A. R. 

The Purification of Plating Solutions. G. T. Colegate. 
(Electroplating, 1949, vol. 2, Apr., pp. 221-228; May, pp. 
307-315; Jun, pp. 417-426). In the first part the author 
discusses methods of removing the usual contaminants from 
all the normal plating solutions. In part two he deals with 
the removal of metallic and organic impurities from nickel 
plating baths, and in part three with copper, brass, zinc, 
cadmium, speculum, tin, silver, gold, chromium, and rhodium 
plating solutions and their purification.—s. ©. R. 

Control of Electroplating Solutions by Analysis and Obser- 
vation. K. E. Langford. (Electroplating, 1948, vol. 1, 
May, pp. 318-320; July, pp. 426-428, 458; Aug., pp. 504- 
507; Oct., pp. 646-649; Nov., pp. 695-698 ; 1949, vol. 2, 
Feb., pp. 89-91 ; Mar., pp. 143-144, 188 ; Apr., pp. 245-248). 
In the first part the importance of co-operation between the 
plater and the chemist is stressed and the items in a plating 
shop requiring routine control are enumerated. The second 
part deals with solution control and the available methods 
of analysis. Extreme accuracy is not required if the method 
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is rapid and gives an adequate result. Gravimetric and volu- 
metric methods are described. Part three deals with methods 
of sampling of solutions and outlines a scheme for regular 
analysis including a chart showing the analyses to be made 
daily, weekly, fortnightly, monthly, and quarterly. Part 
four deals with chemical control of acid copper-plating 
solutions, part five with control of cyanide copper solution, 
part six with control of cadmium cyanide solutions, part seven 
with control of zinc cyanide solutions, and part eight with 
control of nickel-plating solutions. 

Porosity of Electrodeposited Metals. IV.—Measurement of 
Very Low Porosities by the Low-Pressure Constant-Over- 
pressure Method. (Plating, 1949, vol. 35, Apr., pp. 362, 
363, 366). The method of determining ‘ intrinsic’ porosity 
of electrodeposited coatings previously described (see Journ. 
I. and S.I., 1949, vol. 161, Apr., p. 383) has been modified so 
as to be applicable for very low permeabilities. It has been 
used to show that, for example, nickel deposits of the same 
thickness (0-:0005 in.) from the same nickel-sulphate boric- 
acid bath, but operated cold in one case and warm in another, 
had quite different permeabilities owing to different crystal 
structures.—R. A. R. 

The Determination of Porosity and Coating Thickness of 
Conducting and Non-Conducting Protective Coatings. A. 
Vollmer. (Archiv fiir Metallkunde, 1949, vol. 3, Apr., pp. 
145-147). The methods of testing for porosity which are 
described include (1) using ferroxyl for copper, tin, lead, and 
brass; (2) Garre’s process for zinc and cadmium using a 
solution of potassium ferrocyanide ; and (3) arapid method for 
phosphate coatings in which the specimen is immersed in a 
solution of 1% K,Fe(CN),, 3% NaCl, and 2 c.c. 3% H,O, 
100 c.c. (the pores are shown up by a blue deposit in 30 sec.). 
For thickness determinations of cadmium coatings an 
ammoniacal ammonium persulphate solution (5% (NH,).8.0, 
+ 30 e.c. NH,/100 c.c.) is recommended.—R. A. R. 

The Growth and Structure of Thin Metallic Films. H. 
Levinstein. (Journal of Applied Physics, 1949, vol. 20, 
Apr., pp. 306-315). The structure of thin metallic films 
was studied by electron diffraction and electron microscopy. 
Metals with high melting points produce continuous films 
of small unorientated microcrystals whilst those with low 
melting points produce large microcrystals orientated prefer- 
entially with respect to the substrate. The effects of the 
electron beam and the degree of vacuum in the microscope 
are discussed.—R. A. R. 

The Francis Thickness Tester. K. W. Caulfield and W. E. 
Hoare. (Sheet Metal Industries, 1949, vol. 26, Apr., pp. 
753-756, 762). This thickness tester for electroplated 
coatings has already been described by H. T. Francis (see 
Journ. I. and S.I., 1949, vol. 159, Aug., p. 442). In this 
paper its application to electrolytic and hot-dipped tinplate 
coatings is described. The tester was found to be a most 
useful instrument for routine and research purposes. It is 
suitable for tin coatings up to about 0-0004 in. in thickness, 
but for heavier coatings the time required for stripping 
is rather long and accuracy seems to decrease slightly.—R. A. R. 

Tank Heating in the Electroplating Industry. A. F. Mayo. 
(Gas Heat in Industry, 1949, Apr., pp. 197-203). Data 
are presented on the consumption of gas, steam, and electricity 
for heating tanks, and these are analysed. Descriptions of 
installations with and without insulation and covers are 
given with particulars of thermal efficiency and heat losses 
from the tank walls. Thermostats could be used to advantage 
on most hot cleaning and plating tanks; standard types of 
indirect acting thermostats are usually satisfactory, but there 
is difficulty in fitting effective thermostatic control to chrom- 
ium-plating tanks as these usually operate at 92° F., which is 
not much above room temperature in hot weather.—nr. A. R. 

Calomel Electrodes of the Industrial Type. N. K. Nikolskii 
and Iu. N. Chepelkin. (Zavodskaya Laboratoriya, 1949, 
vol. 15, May, p. 613). [In Russian]. A design of calomel 
electrode is given which was evolved after prolonged testing, 
under industrial conditions, of a number of different types. 
This design has given satisfactory service for the determina- 
tion of pH even when subjected to rough handling.—-s. k. 

Electroplating in Spain. Part I. Commercial Considera- 
tions. Part I. Technical Considerations. Part Ill. The 
Rise and Present Position of Electroplating in Spain. V. M. 
Grau. PartIV. Some Aspects of Electrodeposition in Spain. 
J. Agullo Marly and J. B. Vericat Raga. Part V. Solutions 
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and Techniques in Use at Marconi Esparola 8.A. (Electro- 
plating, 1949, vol. 2, Mar., pp. 145-160, 165-180). A 
comprehensive review is given of modern Spanish electro- 
plating practice.—J. c. R. 

Prevention of Corrosion on Steel. I. Richards. (Organic 
Finishing, 1948, vol. 9, No. 9, pp. 33-34,36: ZDA Abstracts, 
1949, vol. 7, June, p. 87). The protection required by steel 
depends to a large extent on the exposure conditions. 
Wherever it is likely to rust, even if an organic coating is 
applied, it should receive a metal coating. Zinc is the main 
coating metal and methods of applying it to steel are briefly 
described. 

Methods of Melting the Zinc-Bearing Residues from Hot-Dip 
Galvanizing Plants. R.Haarmann. (Metalloberflache, 1949, 
vol. 3, Mar., pp. 70-71). Processes for recovery of zinc from 
zine residues, with special reference to Goeke’s patented 
process, are described. In the above method, the residue, 
after crushing in a ball mill, is charged into a small refractory- 
lined furnace the doors of which are carefully sealed. The 
furnace is heated by internally gas-fired steel tubes running 
longitudinally through the furnace. The furnace is rotated 
slowly and the heat transfer is efficient because the heat 
radiates not only directly to the charge but the heat of the 
lining also passes to the charge as the furnace rotates. A 
charge of 200 kg. of zinc ‘ pearls’ treated by this process 
produced 22 kg. of zinc oxide and 178 kg. of zinc, the latter 
containing 1-02% of iron.—r. A. R. 

Testing the Uniformity of Zinc Coatings on Steel Wires by 
Dipping in Copper Sulphate Solution. H. Hoff and G. von der 
Dunk. (Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, 
Mar.—Apr., pp. 135-138). The value of this test for deter- 
mining the quality of zinc coatings is critically examined. 
The test does not give a proper picture of the corrosion resist- 
ance the wire would offer under natural conditions, but 
certain uniformities in the zinc coating are revealed and no 
simpler test has been devised. Some test results are presented 
and an improved procedure is proposed. In this the dipping 
time is 20 sec. and the solution temperature 20° C. The 
test is regarded as ended when the copper coating attains a 
length of 30-40 mm. The final immersion in producing this 
coating is not counted in the test. The usual drying after 
the wet wiping is unnecessary.—R. A. R. 

Palm Oil Substitutes for Hot Dip Tinning. W. R. Johnson, 
L. C. Kinney, and J. M. Parks. (American Iron and Steel 
Institute, 1949, May, Contributions to the Metallurgy of 
Steel, No. 32), The requirements of a tinning oil have been 
studied with a view to finding a satisfactory substitute with a 
source close to the United States, since palm oil is imported 
from North Africa and the East Indies. A tinning oil should 
have a free carbonyl group, low volatility, and low viscosity at 
tin pot temperatures as well as at 150-250° F. The petri 
dish test is satisfactory as a screening test for selecting poten- 
tial tinning oils. Some experiments illustrating the dewetting 
action of palm oil are described. Experiments are proceeding 
with dimerized linoleic acid, and jojoba oil is to be tested. 

R. A. R. 

Physical Properties of Iron Deposited from Chloride Baths. 
I. Larson, R. W. Moulton, and G. L. Putnam. (Journal of 
the Electrochemical Society, 1949, vol. 95, Apr., pp. 86c—91c). 
Determinations were made of the effects of pH value, tem- 
perature, current density, and ferric ion concentration on the 
physical properties of iron deposited from a chloride bath. 
Average tensile strengths varied from 37,700 to 68,700 Ib./ 
sq. in., with elongations of 0 to 12-5%. At the optimum pH 
values of 0-6-0-9, increasing the ferric ion concentration to 
0-72 g./l. min. gives a better combination of strength and 
elongation than do lower ferric ion concentrations. The 
chloride bath was that specified in U.S. Rubber Company’s 
‘ Ekko ’ process.—R. A. R. 

Special Oxide Film on Steel Provides Electrical Insulation. 
P. L. Schmidt. (Materials and Methods, 1949, vol. 29, Apr., 
pp. 54-56). A process has been developed for insulating 
from each other the laminated silicon steel cores of electrical 
machinery. The laminations are stacked in a sand-sealed 
muffle and heated ; steam is admitted to the muffle and the 
temperature is increased to about 930° F. After a short 
soaking period the charge is cooled slowly to about 570° F. 
when the steam is shut off and the charge withdrawn from 
the furnace. The process produces a tight uniform blue 
oxide coating.—R. A. R. 
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Theoretical and Practical Notes on Organic Coatings Used 
as a Protection against Corrosion. G. H. Young. (Métanx 
et Corrosion, 1948, vol. 23, Oct., pp. 232-241). The author 
discusses the use of organic coatings to protect metals against 
corrosion and considers their permeability, nature, compe- 
sition, and the minimum weight capable of producing a 
continuous enating. 3.¢ R, 

Surface Preparation for Metallizing. R. Mansell. (Steel 
Processing, 1949, vol. 35, May, pp. 241-244, 267). The 
following methods for the preparation of surfaces to 
receive sprayed metal are described: Turning with a tool 
designed to give a roughened thread, sand-blasting (for flat 
surfaces), electrical bonding by the use of nickel electrodes 
which touch the surface and give a succession of rough 
craters, the Fuzebond process whereby an electrode pressed 
against the work ‘ explodes,’ giving a foam-like layer firmly 
adherent to the surface, and the Sprabond process whereby 
a special alloy is sprayed on to a smooth surface, giving 
good adherence and acting as an undercoat for subsequent 
layers.—J. P. Ss. 

The Protective Action of Sprayed Aluminium Coatings on 
Steel. G. Tolley. (Journal of The Iron and Steel Institute, 
1949, vol. 162, Aug., pp. 377-384). The galvanic behaviour of 
steel/sprayed-aluminium couples has been investigated in 
various solutions during one week’s immersion. Only in 
solutions of pH less than 3, and in solutions containing a 
concentration of aluminium ions greater than 1-9 ~ 10-4 M, 
is sprayed aluminium initially anodic to steel. The corrosion 
processes affecting the changes in electrode potential during 
immersion are discussed in relation to observed early rust- 
staining of sprayed-aluminium coatings on steel. The effect of 
aluminium sulphate on the corrosion of steel has been investi- 
gated. This substance is an accelerator of corrosion in several 
solutions tested, yet, by the formation of aluminium hydroxide 
it considerably delays the appearance of brown iron rust on 
the surface of the immersed steel. 

Spray-on Zinc Coating Methods. I. Richards. (Organic 
Finishing, 1947, vol. 8, No. 8, pp. 30-38; ZDA Abstracts, 
1949, vol. 7, June, p. 81). A description of the wire and 
powder methods of spraying zinc is given and a comparison 
between metal spraying and hot-dip galvanizing as pro- 
duction techniques is made. Recommended thicknesses are 
stated and some applications of the processes are mentioned. 


Surface-Rusting, a New Treatment for Iron and Steel 
Surfaces before Enamelling. H. Ketterl. (Metalloberfliche, 
1949, vol. 3, Mar., pp. 72-73). Anew process for preparing an 
‘anchoring ’ coating on steel surfaces which are to be painted 
or enamelled is described. The surface is cleaned and then 
etched in acid, the object being to cause a superficial rather 
than a deep attack on the iron crystallites. An etching time 
of 1 min. is usually sufficient. The etching solution is washed 
off with water or saturated steam and a uniform coating of 
rust is induced by treatment in a stream of moist air. The 
rusting is stopped by drying for 2-5 min. at 300-350° C., 
for which purpose blowing with hot air, infra-red rays or induc- 
tion heating may be employed. The rust thus produced 
gives the subsequent coating very high adhesion and good 
corrosion-resisting properties because of the thinness, high 
porosity, and high capillarity of the rust produced.—R. A. R. 

The Preparation and Grinding of Enamel Slip. A- 
Biddulph. (Institute of Vitreous Enamellers and British 
Ceramic Society, Joint Meeting: Sheet Metal Industries, 1949, 
vol. 26, Apr., pp. 811-819, 824). Electrolytes and mill 
additions for grinding enamel slip are considered first and the 
theory of ball-mill grinding is then dealt with. When 
grinding frit, the charge should be sufticient to fill the voids 
between the pebbles, the frit occupying 22% of the mill volume 
and the pebbles 55%. Where dipping or spraying conditions 
permit, a water content of 50-55% of the frit charge will 
give the most efficient milling. ‘The mill temperature shouki 
be kept below 90° F. Experience suggests mill speeds of 
from 20 r.p.m. for 6 ft. in dia. to 70 r.p.m. for 1 ft. in dia. 
Mill-room layout, equipment, and practice, the testing of 
samples for fineness, and the storing and ageing of enamels 
are described and discussed.——R. A. R. 

A Study of Paints for Enclosed Structural Members in Steel 
Housing Construction. H. A. Pray and R. 8. Peoples. 
(American Iron and Steel Institute, 1949, May, Contributions 
to the Metallurgy of Steel No. 31). Extensive tests were 
made to determine the resistance of various paint, schemes 
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on panels of low-carbon steel to partial immersion in distilled 
water, to continuous condensation, and to alternating 10-min. 
periods in air and completely immersed. Maximum protec- 
tion to unscratched panels was given by pigments of 100% 
red lead. or with red lead predominating, or containing zinc 
chromate. Pigments containing zinc dust, zinc oxide, or 
zine chromate were next in order of merit.—R. A. R- 

Effect of Temperature on the Rate of Blister Failure of 
Finishes on Steel in Water Immersion Tests. J. A. Boylan 
and R.I. Wray. (A.8.T.M. Bulletin, 1949, Mar., pp. 53-55). 
Steel panels were subjected to water immersion tests at 100°, 
110°, and 120° F. after being given an automotive finish of 
medium resistance or a refrigerator finish of high resistance. 
From the data obtained there appeared to be a definite 
relationship between time and degree of blistering of the paint 
coating and the temperature at which the immersion test was 
conducted. The rate of blistering doubled with each 10° F. 
rise in temperature ; this is an important point which would 
enable an operator to secure results in a shorter period by 
increasing the temperature of the immersion bath.—s. c. R. 

Evaluating the Workability of Sheet Steel Ground Coats. 
EK. E. Howe and L. A. Johnson. (Better Enamelling, 1947, 
vol, 18, No. 11, pp. 6-10, 34; No. 12, pp. 8-10, 30 : American 
Ceramic Abstracts, 1949, Apr. 1, p. 100). The spectacular 
progress made in enamel cover coats has been due primarily 
to improved instruments and measuring techniques. A 
number of tests which can be used to evaluate the properties 
of a ground coat are described. Three commercial frit com- 
bination ground coats are carried through the testing scheme. 
The following properties, (1) burning range, (2) set stability, 
(3) resistance to sag, (4) resistance to ‘copper heading,’ 
(5) compatibility, (6) surface texture, and (7) thermal expan- 
sion, if considered together, give a more quantitative measure 
of the quality termed ‘ workability ’ than can be obtained in 
the laboratory in any other way. 

On the Method of Testing the Strength of Lacquer Paint 
Coatings under Impact Stretching. 5. V. Yakubovich and 
T. I. Vorogushin. (Zavodskaya Laboratoriya, 1949, vol. 15, 
May, pp. 594-599). [In Russian]. Questions relating to 
the testing of lacquer-paint coatings under impacts causing 
the deformation of the coated material are considered. The 
construction of apparatus suitable for such tests is outlined 

and the results of experiments carried out to find the effect 
of various test conditions are given. An improved testing 
apparatus and its use are described. The coating is applied 
on standard steel plates (for aviation paints the plates are 
of duralumin) and impacts are carried out with loads of up 
to 1 kg. at a temperature of 20 +- 2° C. and a relative humidity 
of 65-70% .—-s. K. 

Evaluating Adherence of Blue-Sheet-Iron Ground Coats. 
J. L. McLaughlin. (Journal of the American Ceramic 
Society, 1949, vol. 32, May 1, pp. 166-170). To evaluate 
the adherence of blue ground coats on sheet iron, the changes 
in the reflecting powers of the specimens, before and after 
impact in a drop hammer machine, were measured. The 
apparatus and test methods are described and the results 
obtained show good correlation with visual estimations of 
adherence of enamel on steel with and without nickel flashing. 

R. F. F. 
POWDER METALLURGY 


Where Does Powder Metallurgy Stand Today? H. R. 
Clauser. (Materials and Methods, 1949, vol. 29, Mar., 
pp. 45-48). The applications and limitations of the powder 
metallurgy process are briefly reviewed. Steel powders 
with the carbon in the 0-20-1-20% range are available, but 
the higher carbon contents find only limited use because high 
hardness reduces the compressibility of the particles. Further 
study of the many variables in the sintering process is 
required. It has been shown that the strength of certain 
stainless steel parts can be increased about one-third by 
sintering in helium instead of hydrogen.—r. A. R. 

Powder Metallurgy in Germany during the Period 1939-1945. 
R. A. Hetzig. (British Intelligence Objectives Sub-Committee, 
1949, Overall Report No. 20: H.M. Stationery Office). 
This ‘* Overall Report ’’ summarizes the most important 
and interesting items of information on powder metallurgy, 
as practised in Germany, from those already reported in 
many separate reports by the Intelligence Objectives Sub- 
Committee.—n. A. R. 


A Simple Method for the Production of Magnetic Powder. 
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L. Ya. Popilov. (Zavodskaya Laboratoriya, 1949, vol. 16, 
Apr., p. 491). [In Russian]. The preparation of magnetic 
powders, based on the subjection of the massive metal to 
heavy spark discharge under the surface of a liquid, is 
described. Particles in a very fine state of subdivision are 
produced.—-s. K. 

Improving the Mechanical Properties of Sintered Iron by 
Oxygen Treatment. H. Wiemer and R. Hanebuth. (Archiv 
fiir Metallkunde, 1949, vol. 3, Apr., pp. 129-132). Tests are 
reported in which pressed rectangular specimens made from 
Ilumetag iron powder (particles less than 0-3 mm.) were 
oxidized at 400°, 600°, and 800° C. in a current of air. The 
amount of oxygen taken up is independent of temperature 
but dependent on the oxidizing time; the oxidation pene- 
trated deepest at 400° C. and only a little at 600° C., whilst 
at 800° C. a very thin film formed on the surface which 
cracked off as the part cooled. The tensile strength and 
elongation of the subsequently sintered specimens were 
considerably improved.—k. A. R. 

A Survey of Powder-Metallurgy Processes. L. Auguet 
and Duran. (Revista de Ciencia Aplicada, 1949, vol. 3, 
Mar.—Apr., pp. 81-94; May-June, pp. 168-185). [In 
Spanish]. A brief history of powder metallurgy is given, 
followed by a description of the various processes, ¢.¢.. 
powder production, purification, grading, mixing, com- 
pression, and sintering. The mechanical, physical, and 
chemical methods of powder production are dealt with, 
including grinding, atomization, electrolysis, reduction of 
oxides, granulation, condensation, precipitation, decomposi- 
tion of carbonyls, chemical reaction, decomposition of alloys, 
intergranular corrosion and reduction by metallic hydrides. 
A useful table shows the methods of production of 28 metal 
powders and indicates, in each case, the purity, size, and 
appearance of the product. Finally, the physical properties 
of powders, their size and distribution, and the relationship 
between compression, specific surface and flow are discussed. 


B. 8. 

High Temperature Equipment for Sintering Combinations of 
Ceramic Acids and Metal Powders. A.R. Blackburn. (Ohio 
State University, Engineering Experiment Station News, 
1947, vol. 19, No. 5, p. 24: British Ceramic Abstracts, 1949, 
Jan.—Feb., p. 70a). 

The Relationships between Methods of Producing Iron 
Powders and the Hardness of the Crystals. W. Dawihl and 
Ursala Schmidt. (Zeitschrift fiir Metallkunde, 1949, vol. 40, 
Mar., pp. 117-119). The causes of the different hardnesses 
of powder-metallurgy parts made of iron powder produced in 
different ways were investigated. These differences dis- 
appeared on prolonging the sintering time of pressed parts. 
Grinding the powders before sintering also equalized the 
hardness after sintering. The high microhardness of powders 
produced by processes not involving melting is induced by 
comparatively low compressing pressure. Residual stresses, 
described as sintering stresses, remain in the finished part 
due to the irregular nature of the grains caused by porosity 
and to oxide inclusion within the grains.—R. A. R. 

Influencing the Shrinkage of Metal Powders by Tensile 
Forces during Sintering. W. Dawihl and W. Rix. (Zeit- 
schrift fiir Metallkunde, 1949, vol. 40, Mar., pp. 115-117). 
An apparatus is described which was used to measure the 
effect of applying a tensile load to test bars made from pure 
cobalt powder while it was in the sintering furnace. A load 
of only 25 g./sq. mm. almost completely prevented longi- 
tudinal shrinkage ; the transverse shrinkage was greater by 
an amount which did not make up for the reduced longitudinal 
shrinkage. The density of the bar was therefore affected 
by the load.—r. A. R. 


PROPERTIES AND TESTS 


The Existence of Microfissures in Electrolytic Chromium 
Deposits. Their Influence on the Fatigue Limit of Steels. 
P. Bastien and A. Popoff. (Métaux et Corrosion, 1948, vol. 
23, Sept., pp. 191-198). The authors have studied the micro- 
scopic crystalline structure of hard chromium electrolytic 
deposits, the hardness of the deposits and the effect of 
annealing, and the influence of hard chromium plating on 
the fatigue strength of a hardened and tempered 13% 
chromium stainless steel. The fan-shaped structure in the 
electrodeposited chromium was a series of small fissures. 
Inside each fan was a microscopic crystal structure forming 
an imperfect fibrous state. Electrolytic hard chromium 
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underwent a considerable degree of softening on annealing 
but remained brittle and non-malleable, thereby giving an 
important influence to microfissures on behaviour in service. 
Hard chromium plating of hardened and tempered 13% 
chromium steel adversely affected its fatigue strength as 
measured by the alternating bend test. This effect persisted 
even after heating for 3 hr. at 200° C. to expel hydrogen, 
which diffused into the steel during electrolysis, and to relieve 
partially internal stresses in the metal and to soften the 
chromium deposit. Mechanical removal of the deposit 
caused a sharp increase in fatigue strength. Microfissures in 
chromium electrodeposits are accordingly believed to act 
as concentration areas for internal stresses.—J. C. R. 

Measurement of the Resilience of Rails. Deur. (Revue 
Générale des Chemins de Fer, 1949, vol. 68, Feb., pp. 88-95 : 
Railway Engineering Abstracts, 1949, vol. 4, June, pp. 156- 
157). The author discusses the benefit of the resilience tests 
of rails and the reason why the Charpy test has been aban- 
doned in favour of an optical test devised at the permanent- 
way laboratory of the Chemins de Fer de l’Est. A description 
of the principles on which the test is based and the method 
of performing the test are given. The apparatus used is 
described in detail. Results obtained are given and discussed. 

Baldwin Machine for Testing Rails. (Railway Age, 1949, 
vol. 126, Apr. 30, p. 48; Railway Engineering Abstracts, 
1949, vol. 4, June, p. 156). A new machine for applying 
fatigue loads to rails has been produced at the Baldwin 
Locomotive Works, Philadelphia. It simulates actual 
service conditions. A bending moment as high as 960,000 
!b.in. can be produced in the length of rail under test. The 
machine is described and illustrated. 

Critical Study of Measurements of Hardness and Micro- 
hardness. (Rdle of Electrolytic Polishing). M. Mouflard. 
(Métaux et Corrosion, 1948, vol. 23, Nov., pp. 245-254). 
Macro- and microhardness testing have different fields of 
application. The former gives general results and is not 
greatly affected by surface condition. Microhardness 
requires careful preparation of the surface and is affected by 
the slightest local heterogeneities whatever their cause. The 
simultaneous use of macro- and microhardness data enables 
one to discriminate among the different causes of the resist- 
ance of the metal to penetration, 7.e., those which are due to 
the matrix from those due to constituents evenly distributed 
in the metal.—. c. R. 

A History of Hardness Tests Based on Scratch Resistance 
Measurements. E. C. Bernhardt. (A.S.T.M. Bulletin, 1949, 
Mar., pp. 49-53). A history is presented of various scratch 
methods which have been devised as tests for hardness. 
Illustrated descriptions are given of the apparatus used by 
different investigators.—J. Cc. R. 

Influence of Straining on the Area Deformed by Hardness 
Tests. M. V. Jakutovich, B. A. Vandyshev, and E. E. 
Surikova. (Zavodskaya Laboratoriya, 1948, vol. 14, No. 3, 
pp. 338-343. [In Russian]: [Abstract] Centre National 
de la Recherche Scientifique, Bulletin Analytique, 1949, 
vol. 10, No. 3, p. 1888). Hardness tests enable the creep 
limit to be determined using the formula o, = P/mao? where 
Os = creep limit, ao = diameter of the area deformed 
around the hardness impression, and P = the load. The 
application of this formula to steels and non-ferrous metals 
is discussed. 

Measurement of Hardness on the Rockwell Apparatus with 
a Pyramid Indenter. V. K. Grigorovich. (Zavodskaya 
Laboratoriya, 1949, vol. 15, May, pp. 572-575). [In Russian]. 
The advantages and disadvantages of the Rockwell system 
of hardness testing are enumerated, and it is shown that a 
simplification can be effected by replacing the several spherical 
and conical indenters with a single standard pyramid. In 
this way, the number of different scales of hardness can be 
reduced to six, corresponding to three standard loads for the 
Rockwell and three for the Rockwell Superficial instruments ; 
a direct relationship can be established between the hardness 
numbers according to the scale and value of the hardness on 
the Vickers system.—s. K. 

Concerning a Fundamental Method for the Measurement 
and Calculation of Hardness. V. K. Grigorovich. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Apr., pp. 457-460). [In 
Russian]. The conditions to be fulfilled by any method of 
determining true hardness are formulated. The Brinell, 
Rockwell, and Vickers hardness-testing methods are examined 
from this point of view, none being found satisfactory. It is 
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established that a pyramid-indentation method would be the 
rational choice for the evaluation of true hardness, a new 
way of calculating the hardness from the data obtained 
being used. The suggested procedure, it is said, can be 
employed with existing pyramid-indenter machines as well 
as with the Brinell and Rockwell machines if these are 
provided with pyramid indenters.—s. K. 

Measurement of the Hardness of High-Speed Cutting Steels 
in the Hot State. A. P. Gulyaev and R. I. Mitelberg. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, Apr., pp. 447-453). [In 
Russian]. Details are given and the applications are described 
of a method for measuring the hurdness at temperatures in 
the 300-700° C. range of high-speed cutting steels by com- 
pression of cylindrical specimens. The advantages of this 
method are its relative simplicity, the ability to carry it 
out with a Brinell press and the fact that it does not require 
the application of expensive indenting devices. Determin- 
ations were made on six types of high-speed steels, and it is 
shown that tests carried out in the cold state are a reliable 
index to the red-hardness.—s. K. 

Are the H-Steels Being Accepted? TT. ©. Du Mond. 
(Materials and Methods, 1949, vol. 29, Jan., pp. 67-69). The 
practice of buying steel specified to be within a given range 
of hardenability instead of within a given range of composi- 
tion is being increasingly employed in the U.S.A. The answers 
to a questionnaire sent to 27 large users indicate that the 
practice is satisfactory and that users can in this way reduce 
the number of rejections caused by lack of response to heat- 
treatment.—-R. A. R. 

Practical Wear Tests. H. Wahl. (Archiv fiir Metallkunde, 
1949, vol. 3, Apr., pp. 121-128). The theory and practice 
of wear-testing are reviewed. Many testing machines and 
methods are described and the limitations of tests on speci- 
mens as compared with full-scale tests are discussed.—R. A. R. 

Metallic Friction and Surface Damage at Light Loads. 
J.R. Whitehead. (Research, 1949, vol. 2, Mar., pp. 145-147). 
The damage to the surface of electrolytically polished alu- 
minium caused by a steel slider under a load of 0-3 g. has 
been studied with the electron microscope and electron and 
optical micrographs (at 36,000 and 650 diameters) are pre- 
sented. There was clear evidence of plastic flow and of 
steel particles left behind in the track as a result of the 
formation and fracture of small welded junctions. It is 
shown that Amonton’s law that the frictional force is propor 
tional to load is valid even for the lightest loads so far reached. 

R. A. R. 

Friction and Wear of Metallic Surfaces. W.J. McG. Tegart. 
(Australian Institute of Metals: Australian Engineer, 1949, 
Feb. 7, pp. 58-68). An attempt is made to indicate the 
modern trends of the theory of friction and its application 
to wear and wear prevention in industry. The subject is 
dealt with under the following headings: The mechanism 
of friction; chemical inhomogeneity of metallic surfaces ; 
surface temperature of sliding metals and its influence on 
surface flow and wear; types and general mechanism of 
wear; wear and physical properties; methods of wear 
prevention; wear of steels; wear of cast irons; bearing 
metals ; and wear testing.—R. A. R. 

5 Ways that Diesels Wear. J. W. Pennington. (SAE 
Journal, 1949, vol. 57, Feb., pp. 39-44). The types of wear 
experienced by Diesel engine cylinders and piston rings 
discussed are mechanical, scuffing or welding, surface dis- 
integration, abrasion, and corrosive action. These are defined 
and the effects of thin and thick oils, chromium-plated rings, 
and sulphur in the fuel oil are pointed out.—r. A. R. 

Influence of a Magnetic Field on the Damping Capacity of 
the Reversible Ferro-Nickels. ©. Apert and R. Cabarat. 
(Comptes Rendus, 1949, vol. 228, Feb. 7, pp. 490-492). The 
damping capacity at normal pressure of the iron—nickel 
specimens (dia., 10 mm.; length, 250 mm. ; nickel content, 
30-99% ; annealed at 800° C. for 7 hr.) was measured in an 
electrostatically operated forced-longitudinal-vibration appar- 
atus. The small amplitude of the vibrations set up stresses 
of the order of 0-1 kg./sq. mm. The magnetic field was 
varied from 0 to 400 oersteds; at low values the damping 
capacity increased rapidly with increasing field strength, 
then passed through a maximum, and finally dropped very 
quickly towards a limit that was practically attained at 
300 oersteds.—a. E. C. 

Longitudinal Magnetostriction of Nickel and Magnesium 
Ferrites. RR. Vautier. (Comptes Rendus, 1949, vol. 229, 
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July 18, pp. 177-179). The results of the determination of 
the longitudinal variation of length of specimens of nickel 
and magnesium ferrites, containing 50 mol.-% of Fe,0; and 
50 mol.-% of NiO or MgO due to magnetization are graphed. 
The length variation was measured by an optical-lever 
method.—a. E. Cc. 

The Spontaneous Adherence of Nascent Iron. P. Henry. 
(Comptes Rendus, 1949, vol. 229, July 18, pp. 203-205). The 
tendency for the iron produced by the reduction of powdered 
iron minerals to agglomerate, even though the temperature 
was too low for sintering to occur, is discussed. The adherence 
is thought to be, at least in part, of a magnetic character and 
associated with the formation of Weiss domains.—a. E. Cc. 


On the Importance of the Ferromagnetic Properties in 
Regard to Knowledge of Alloys. C. Guillard. (Société 
Francaise de Métallurgie, Oct. 21, 1948: Revue de Métal- 
lurgie, Mémoires, 1949, vol. 46, July, pp. 453-456). The 
author’s object is to show how the ferromagnetic properties, 
particularly the Curie point, the magnetization/temperature 
curve and the saturation moment, can be used as investiga- 
tional means in the study of alloys. By way of example, 
he refers to the manganese-antimony diagram.—a. E. C. 

Method of Studying Metals by Means of Permeameters with 
Detachable Windings. I. Epelboin, A. Marais, and Miss P. 
Pannetier. (Société Francaise de Métallurgie, Oct. 20, 1948 : 
Revue de Métallurgie, Mémories, 1949, vol. 46, May, pp. 
315-318). The permeameters, their use and the types of 
result obtained are briefly described.—a. E. ©. 

Processes in Steels for Permanent Magnets. V. S. Mes’kin. 
(Stal, 1947, vol. 7, pp. 429-435 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Apr. 10, col. 2560). A discussion is 
presented on the relationship between the thermal treatment 
and magnetization properties of carbon steel, chromium— 
tungsten steel, and cobalt steel. 

Stabilized Permanent Magnets. P. P. Cioffi. (Transactions 
of the American Institute of Electrical Engineers, 1948, 
vol. 67, Part II, pp. 1540-1543). Permanent magnets are 
stabilized against forces tending to demagnetize them, by 
partial demagnetization, and such a magnet operates at a 
point on the curve called the ‘secondary demagnetization 
curve.’ The author discusses the derivation of such curves 
for given conditions of stability and their application to 
problems of magnet design.—k. A. R. 

Effect of External Tensile Stress on the Initial Permeability 
of Single Crystals of Iron. S. Kaya, T. Taoka, and T. Iki, 
(Proceedings of the Physico-Mathematical Society of Japan, 
Third Series, 1942, Nov.-Dec., pp. 864-874). [In German.] 
Experiments with single crystals of iron showed that the 
initial permeability reached a maximum with an external 
tension of 600 g./sq. mm. At higher stresses it gradually 
decreased ; there appear to be two reasons for this, the first 
being the plastic deformation, and the second the difference 
between the directions of the axis and the edges of the 
crystal rod used.—R. A. R. 

The Effect of External Stress on the Magnetization, and on 
the Magnetostriction of Single Crystals of Iron. H. Takaki. 
(Proceedings of the Physico-Mathematical Society of Japan, 
Third Series, 1942, Nov.—Dec., pp. 875-898). [In German]. 
The effect of external tension on the shape of the hysteresis 
loop is considered. It would appear that the direction of 
spin of a domain will remain in one of the directions most 
easily magnetized in spite of the applied external stress, 
because the stress, which is strong enough to cause a marked 
rotation of the direction of spin, greatly exceeds the elastic 
limit of the crystal owing to the comparatively large magnetic 
anisotropy. Calculations respecting the effect of external 
stress on the magnetic properties are presented.—R. A. R. 

The Magnetic Properties of Rhombohedral Iron Sesquioxide. 
L. Néel. (Comptes Rendus, 1949, vol. 228, Jan. 3, pp. 64-66). 
The author discusses the magnetic properties of «-Fe,O, ; 
they are complex and might be described as an antimagnetism 
of the normal type superimposed on a weak ferromagnetism. 
He concludes that the ferromagnetic characteristics can be 
explained satisfactorily by the presence of fine crystallites of 
magnetite precipitated in an intermediate form and deformed 
and orientated by the matrix.—a. E. Cc. 

Magnetic Domain Patterns on Single Crystals of Silicon 
Iron. H. J. Williams, R. M. Bozorth, and W. Shockley. 
(Physical Review, 1949, vol. 75, Jan. 1, pp. 155-178). Mag- 
netic powder patterns have been obtained on electrolytically 
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polished surfaces of silicon iron (Si 3-8%). Domains are 
easily visible, outlined by accumulations of colloidal magnetic 
particles. Techniques are described which enable the direc- 
tion of magnetization in each domain to be determined. The 
simpler patterns can now be interrupted, and the evidence 
supports the theory that the internal domain structure is 


relatively simple, and is usually composed of a@ series of 


plates or slabs magnetized at 45° or 90° to the plate length. 


A Simple Domain Structure in an Iron Crystal Showing a 
Direct Correlation with the Magnetization. H. J. Williams 
and W. Shockley. (Physical Review, 1949, vol. 75, Jan. 1, 
pp. 178-183). A hollow rectangle cut from a single crystal of 
silicon iron (Si 3-8°%) has been studied with the aid of powder 
patterns and flux measurements. The domain pattern con- 
sists of eight domains, four forming an inner rectangle mag- 
netized in one direction and the others forming an oppositely 
magnetized outer rectangle. Changes in magnetization occur 
by the growth of one set of domains at the expense of the 
other. In the saturated condition, each leg of the rectangle 
is one domain about 1-5 x 0-1 x 0-1 cm. in size. Impli- 
cations of these results in connection with the Barkhausen 
effect are discussed, and a method of measuring the energy 
of the Bloch wall is proposed.—R. A. R. 

Improved Material [Nickel-Iron] for Magnetic Amplifiers. 
(Electronics, 1948, vol. 21, No. 8, pp. 128, 130, 164, 166: 
Metallurgical Abstracts, 1949, vol. 16, Jan., p. 270). Prepara- 
tion methods are described for the very pure 50/50 nickel—iron 
alloy found to be the most suitable for use in magnetic 
amplifiers. The rectangular hysteresis loop required can be 
obtained by drastic cold reduction followed by annealing in 
hydrogen for 2 hr. at 1100° C. and subsequent rapid cooling. 
Vacuum melting and casting of the alloy is essential to 
maintain the carbon and oxygen figures below 0-01%. 'The 
construction of magnetic amplifiers is discussed and their 
mode of operation illustrated. 

Automatic Torque Magnetometer Measures Magnetic 
Anisotropy of Steel. (Steel Processing, 1949, vol. 85, May, 
pp. 245-247). A new torque magnetometer is described ; the 
specimen, in the form of a disc, 1 in. in dia. and 0-01-0-10 in. 
thick is rotated in a magnetic field, and the required torque 
recorded automatically on a chart, the movement of which is 
proportional to the angle between the direction of rolling 
and that of the magnetic field. By the use of this instrument, 
desired anisotropy such as in transformer steel sheets, and 
undesirable anistropy such as in steel sheet for deep drawing, 
may be detected: in the latter case, magnetic anisotropy 
is connected with preferred orientation or directionality and 
provides a clue to it.—J. P. s. 

Simple Calorimeter for Specific Heat Measurements. RK. B. 
Rice. (A.S.T.M. Bulletin, 1949, Mar., pp. 72-75). A descrip- 
tion is given of a simple, inexpensive and easily operated 
calorimeter for the measurement of specific heat of powdered 
solids. It permits a determination with an accuracy of 
approximately 1% in a period of about 20 min. 

Contribution to the Study of Damping. C. Boulanger. 
(Société Frangaise de Métallurgie, May 26, 1948: Revue 
de Métallurgie, Mémoires, 1949, vol. 46, Apr., pp. 255-265 ; 
May, pp. 321-342). The first part of this paper comprises a 
short historical note, and deals with the practical importance 
of damping capacity, the origin of damping, and physical and 
metallographic factors that influence it, including the mode 
of stressing, the frequency, magnetic field, amplitude of 
vibration, temperature, grain-size, internal defects, mech- 
anical working, fatigue and heat-treatment. The second part 
starts with a review of methods of measuring damping 
capacity, and the apparatus used, and concludes with a 
discussion of an anomaly in the damping capacity of iron 
and stecis due to the presence of carbon and nitrogen in 
solid solution in the lattice, the effect of a longitudinal mag- 
netic field on the damping capacity of ferromagnetic metals, 
the equivalence of the damping measured by the area of 
stress-deformation cycles and the logarithmic decrement of 
free oscillations, the influence of quasi-homogeneous cold- 
working on damping, and the shape of ‘ couple-torsion ’ 
curves, based on the literature and on the author’s own 
experience. A list of 156 bibliographical references is given. 

A. E. C. 

The Flow of Metals. E. N. da C. Andrade. (Journal de 
Physique et le Radium, 1947, Series 8, vol. 8, Nov., pp. 
313-326). The analysis of creep of polycrystalline metals 
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is much simplified if, instead of using a constant load, a 
constant stress which can be obtained by suitable apparatus, 
is employed. At constant stress two stages of creep, tem- 
porary and permanent, occur with many metals, and their 
relative importance for each metal varies with the tempera- 
ture. During recrystallization the laws are modified. The 
creep of single crystals is characterized by the planes and 
direction of slip, by a very small critical shear stress, and by 
a marked hardness during deformation. It is sought to 
explain the phenomena by a theory based on dislocations 
which are distributed through the crystal. The surface 
condition of the single crystal is an important factor. The 
study of the deformation of single crystals enables a mech- 
anism for the creep of ordinary metals to be suggested. 

Method for the Graphical Determination of the Critical 
Points of Steel from Differential-Dilatometric Curves. A. N. 
Chervyakov and R. M. Rozenblum. (Zavodskaya Labora- 
toriya, 1949, vol. 15, May, pp. 610-612). [In Russian]. A 
geometrical method of examining differential dilatometric 
curves is proposed. In this method the curve is transposed 
into an oblique-angle system of co-ordinates. The abscisse 
have the direction of the displacement of the light spot 
along the photographic plate when the standard specimen 
alone in the upper quartz tube of the dilatometer acts on the 
prism (or mirror). Similarly, the direction of the ordinate 
corresponds to that of the movement of the light spot during 
the action on the same prism (or mirror) of the specimen 
under test alone in the lower quartz tube of the dilatometer. 
Curves of this type are shown to be capable of giving accurate 
values for the critical points of steels.—s. K. 

Farnace for Heating Specimens during Brief and Prolonged 
Tensile Tests. A. V. Antonovich. (Zavodskaya Labora- 
toriya, 1949, vol. 15, May, pp. 618-621). [In Russian]. A 
number of disadvantages associated with the use of the 
conventional type of Nichrome furnace are listed, and a 
high-current, low-voltage furnace is described together with 
a relatively simple temperature-regulating circuit from which 
satisfactory service has been obtained over a number of 
months for brief and prolonged tensile tests at high tem- 
peratures. The diameter of specimens which can be heated 
in the furnace described can be as large as 5 mm. Among 
the advantages claimed for this apparatus are: Simple and 
reliable construction ; rapid fitting of thermocouples ; higher 
temperatures than those obtainable with Nichrome furnaces ; 
even temperature throughout the whole length of the speci- 
men; and small thermal inertia.—s. K. 

Susceptibility to Graphitization of Modified Molybdenum 
Steel. J. A. McMillan and 8S. V. Smith. (Welding Journal, 
1949, vol. 28, Mar., pp. 121-s—125-s). The susceptibility to 
graphitization at high temperatures of molybdenum steels 
containing titanium and niobium has been studied. In the 
steels containing molybdenum alone, graphite formed more 
readily in samples normalized at 1650° F. than in those 
normalized at 2000° F.; post-heating at 1300° F. reduced 
the number of graphite nuclei. Where weld beads had been 
laid down, graphitization was more severe where the tempera- 
ture gradient had been steeper. In the steels of similar 
molybdenum contents, but containing either 0-25 or 0-50% 
titanium, or 1-10% niobium, there were no signs of graphi- 
tization, after any condition of heat-treatment, up to 10,000 
hr.—J. P. 8. 

Contribution to the Study of the Relations between the 
Microstructure of Steel and Its Rate of Creep. G. Delbart 
and M. Ravery. (Comptes Rendus, 1949, vol. 228, Mar. 21, 
pp. 1025-1027). Steel specimens (carbon 0-12°, chromium 
0-6%, molybdenum 0-6%) were austenitized at 900° and 
1200° C. and then treated to produce various microstructures 
in different grain-sizes: creep tests were made under loads 
giving a creep rate of about 5 x 10-4°%/hr. between the 
25th and 35th hour for the steel treated as in commercial 
practice (reheat at 900°, air-cool, temper at 675° C., air-cool), 
giving a structure composed essentially of bainite and ferrite 
in grains. Arranged in order of decreasing creep, the struc- 
tures were grouped as follows: At low temperatures: Ferrite- 
pearlite, ferrite—bainite, ferrite-sorbite, sorbite, bainite. A 
bainitic structure adjacent to ferrite grains, clearly delimited, 
gave very high creep rates; bainite is therefore not essen- 
tially the preponderating factor opposing creep. At high 
temperatures: Sorbite gave the highest creep rate and 
granular ferrite the lowest. Bainite still offered good resist- 
ance to creep, of much the same order as that of ferrite- 
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pearlite. Superheating was beneficial in all cases, but particu- 
larly so at high temperatures, where all the low creep rates 
were due to superheated structures. The classification may 
be found to vary slightly when tests are made at a different 
test load.—a. E. C. 

A Calculation of the Changes in the Conductivity of Metals 
Produced by Cold-Work. J. S. Koehler. (Physical Review, 
1949, vol. 75, Jan. 1, pp. 106-117). The increase in the 
electrical resistance of severely cold-worked metals has been 
calculated by assuming that the important change which 
occurs during cold work is the introduction of large numbers 
of Taylor dislocations. Copper is taken as an example. 

R.A. R. 

Solution of Hydrogen in Liquid Iron and Its Alloys with 
Titanium, Columbium, and Tantalum. M. M. Karnaukhov 
and A. N. Morozov. (Bulletin de l’Académie des Sciences, 
U.R.S.8., Classe des Sciences Techniques, 1948, pp. 1845- 
1855 [in Russian]: Chemical Abstracts, 1949, vol. 43, Apr. 10, 
col. 2490). 

Measurement of the Diffusion of Hydrogen in Steel. S. S. 
Nosyreva. (Zavodskaya Laboratoriya, 1948, vol. 14, pp. 
307-310 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
Apr. 10, cols. 2559-2560). The rate of diffusion of hydrogen 
atoms through sheets 0-5 mm. thick, surface area 7 sq. cm., 
was measured by the displacement of a mercury column in 
a capillary connected with the reverse side of the sheet, by 
the hydrogen gas issued from recombination, after diffusion 
across the sheets of the hydrogen atoms produced by electro- 
lysis of 0-1 N sulphuric acid at 0-014 amp./sq. cm. at room 
temperature. With Armco iron (0-05% C) (I), and trans- 
former steel (0-:08% C, 0-11% Mn, 3-94% Si) (II), the rates 
of diffusion were constant and very close, about 10 ml. 
H,/10 hr.; I transmitted a total of 7-78 ml. H, in 72 hr., 
II a total of 6-37 ml. With austenitic stainless steel (0-10% C, 
0-48% Mn, 0-57% Si, 18-4% Cr, 8-42% Ni) no diffusion was 
noticed in 72 hr. With carbon steel (0.84% C, 0-42% Mn, 
0-32% Si), subjected to various thermal treatments, diffusion 
was highest (8-16 ml. in 72 hr.) in normalized samples, and 
in sorbite (tempered at 600°) (7-7 ml.) and lowest (1-10 ml.) 
in martensite (quenched in oil). This is consistent with 
determinations of the solubility of hydrogen after 24 hr. 
electrolysis, found to be, respectively, 6-93, 15-9, 46-5, and 
25-0 ml./100 g. in martensite, troostite, sorbite, and normalized 
steel. 

Influence of Hydrogen on the Cohesion of Steel. P. Bastien 
and P. Azou. (Comptes Rendus, 1949, vol. 228, May 23, 
pp. 1651-1653). Examination of the fractures of tensile 
test-pieces of annealed 0-15%, carbon steel charged or not 
charged with hydrogen, shows that some factor other than the 
reduction of area has played an important réle; this factor 
is the relation between the sections which at the moment of 
breaking were undergoing decohesion or shear respectively, 
sections that can be distinguished easily by their shape, 
situation, and appearance. By a consideration of the areas 
and stresses involved the authors develop a formula from 
which they deduce the value of the cohesion of the metal 
and the difference in that value between steels charged and 
not charged with hydrogen. At liquid-air temperatures the 
fractures indicate the virtual absence of shear at the moment 
of fracture, so that the cohesion can be determined directly. 

A. E. C. 

The Determination of Diffusion Coefficients in Iron Alloys. 
M. E. Blanter. (Zavodskaya Laboratoriya, 1948, vol. 14, 
No. 3, pp. 296-306 [in Russian]: [Abstract] Centre National 
de la Recherche Scientifique, Bulletin Analytique, 1949, 
vol. 10, No. 3, p. 1886). 

Diffusion of Metallic and Non-Metallic Elements in Metals. 
V. Zednik. (Baisky Obzor, 1949, vol 3, Apr. pp. 49-53 ; 
May, pp. 67-76). [In Czech]. The fundamental physical 
laws of diffusion are derived, and the phenomena of diffusion 
in solid metals are investigated in the light of up-to-date 
knowledge about the structure of solid crystalline substances. 
Diffusion has a considerable influence on the heat-treatment 
of alloys, on the life of metal coatings subject to high tem- 
peratures, and also on the process of oxidation and corrosion. 
Practical examples of application of the diffusion law to these 
problems are described. The diffusion of gases in metals 
and the influence of the gas content on the properties of 
metals are also dealt with.—nr. a. 

High-Duty Irons. (Automobile Engineer, 1949, vol. 39, 
Apr., pp. 157-161). After giving details of the characteristics 
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of the manufacture and properties of the Meehanite cast irons, 
an illustrated description is given of the products and pro- 
duction methods at the foundry of Qualcast (Ealing Park), 
Ltd.—k. A. R. 

Carbon Equivalent in Cast Iron. G. Joly. (Fonderie, 
1949; Feb., p. 1495: Foundry Trade Journal, 1949, vol. 86, 
May 19, p. 470). The author briefly considers the meaning 
of the expression ‘‘ carbon equivalent,” to which the proper- 
ties of cast irons are often related. The eutectic carbon 
content of a cast iron is given by the formula 

C per cent = }(Si per cent + P per cent), 
and the carbon equivalent is the actual carbon content plus 
the eutectic carbon content.—4J. C. R. 


Carbon Steels, As-Cast, Forged, and Rolled: Relationship 
between Their Principal Mechanical Properties. F. Figari. 
(Calore, 1947, vol. 18, Apr., pp. 112-119; May, pp. 146-152 ; 
June, pp. 186-190; July, pp. 214-219 [in Italian]: [Ab- 
stract] Centre National de la Recherche Scientifique, Bulletin 
Analytique, 1949, vol. 10, No. 3, p. 1888). 

The Strength and Deformation, under Bending Loads, of 
Reinforced Concrete Beams Stiffened with ‘‘ Tor Steel,’’ High- 
Tensile Steel ‘‘ St 52,’’ and Standard Steel “‘ St N.’’ M. Ros. 
(Eidgenéssische Materialpriifungs- und Versuchsanstalt fiir 
Industrie, Bauwesen und Gewerbe, 1942, Oct., Report No. 
141). 

Microstructure and Strength Properties of Arc Welds in 
Very Thick Structural Steels of Different Carbon Contents. 
R. Montandon. (Eidgendéssische Materialpriifungs- und 
Versuchsanstalt fiir Industrie, Bauwesen und Gewerbe, 
1944, Feb., Report No. 145). See Journ. I. and 8.I., 1947, 
vol. 157, Dec., p. 647. 

Investigations of Notched Parts, Especially the Fields of 
Force in Screw Threads Taking the Comparative Stress into 
Consideration. T. Wyss. (Eidgenéssische Materialpriifungs- 
und Versuchsanstalt fiir Industrie, Bauwesen und Gewerbe, 
1945, Dec., Report No. 151). 

Ferritic Steels for Gas Turbines. G. Wood and J. R. Rait. 
(Société Francaise de Métallurgie, Oct. 21, 1948: Revue de 
Métallurgie, Mémoires, 1949, vol. 46, June, pp. 387-398 ; 
July, pp. 463-474). This paper is mainly concerned with the 
study of the mechanical, physical, and metallographic proper- 
ties of steel HGT (3% Cr, 0-5% Mo, 0-5% W, 0-75% V), 
and of the influence of heat-treatment and carbon content 
on its behaviour at temperatures up to about 550°C. The 
tempering temperature was found to be important, in that 
it affected the structure, especially the spheroidization, and 
hence the heat resistance. Prior heat-treatment had a very 
beneficial influence. The optimum carbon content for this 
quality of steel appeared to be 0-15°% for maximum heat 
resistance ; the effect of carbon content on other properties 
had not been studied. The relationship of the contents of 
carbide formers to carbon has probably a very marked 
influence on the properties of ferritic steels at high tempera- 
tures. It is supposed that these carbides dissolve in the 
austenite during the forging or the subsequent heat-treat- 
ment ; on tempering, these carbides, and perhaps the inter- 
metallic compounds, are precipitated, and the nature, 
quantity, and distribution of these phases has a profound 
effect on the high-temperature properties. It is thought 
fairly certain that vanadium carbide (V,C, or VC) is present 
in this steel. The optimum carbon content, 0-15%, corre- 
sponds to 0-7% of vanadium ; if the carbon content exceeds 
this figure, the excess forms complex tungsten—molybdenum— 
chromium carbides, and the rapid deterioration in the high- 
temperature properties with increasing carbon content is 
believed to be due to these latter carbides. The authors also 
touch on the relative merits of ferritic and austenitic steels 
for making gas-turbine discs and on the properties of Hecla 153 
steel (1% chromium, 0-75% molybdenum) and modified 
Hecla 153 steel (with 0.25% vanadium added), and describe 
the creep test and long-time tensile test machines in the 
Hadfield Laboratories.—a. E. Cc. 

Composition and Property Variation of Two Steels. C. J. 
Osborn, A. F. Scotchbrook, R. D. Stout, and B. G. Johnston. 
(Welding Journal, 1949, vol. 28, May, pp. 227-8—235-s). 
This describes the continuation of studies of the effect of 
processes involving plastic strain on the relative tendencies 
of steels to brittle failure at low temperatures (see Journ. 
I. and 8.I., 1949, vol. 162, June, p. 241). The present investi- 
gation is concerned with the variation in composition and 
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mechanical properties of two heats of steel, one aluminium- 
killed, one rimming ; analysis, sulphur prints, metallographic 
examination, and mechanical tests, comprising tensile, hard- 
ness, and impact, were made. The conclusions were that the 
variations in chemical composition conformed to those dis- 
covered by the Committee on the Heterogeneity of Steel 
Ingots (Joint Committee of the Iron and Steel Institute and 
the British Iron and Steel Federation, 1926-1939), and the 
variations in mechanical properties were consistent with 
this degree of segregation. Ductility in tensile tests increased, 
and tensile strength decreased, from top to bottom and from 
centre to edge of an ingot; the transition temperatures 
indicated by Charpy impact tests became lower from top 
to bottom of the ingot, and were much higher in the rimmed 
steel than in the killed steel. Normalized plates had a greater 
ductility and lower transition temperatures than the plates 
as rolled, and § in. plates had a higher yield point, greater 
strength and lower transition temperatures than 1} in. 
plates.—J. P. s. 

Tests of Large Welded Steel Box Girders. A. H. Stang and 
B. 8S. Jaffe. (Welding Journal, 1949, vol. 28, Mar., pp. 
89-s-97-s). Large box girders were fabricated by welding 
from steel from one heat of plain low-carbon fully killed open- 
hearth steel, of analysis C 0-22%, Mn 0-56%, P 0-015%, 
and § 0-026%. Tests on the steel alone, at +80° F., +40° F., 
0° F., and —40°F. (27°C., 4-5°C., —18°C., and —40°C.) 
showed an increase in proportional limit and yield strength 
with fall of temperature and an inconsistent variation of 
Poisson’s ratio ; there was also a slight increase in ductility. 
When the box girders, 22 ft. by 2 ft. by 1 ft. 6 in., constructed 
of 14 in. plate of this material, were tested in simple bending 
at the above temperatures, it was found that the girder 
tested at —40° C. broke with a square fracture, at a load of 
1-165 x 108 lb., and a deflection of 2-45 in., that tested at 
—18° C. broke in similar fashion at a load of 1-476 x 108 lb. 
and a deflection of 8-83 in., whilst those tested at 4-5° C. 
and 27° C. did not break, enduring loads of 1-670 x 10° and 
1-685 x 10° Ib. and deflections of 16-16 and 18-06 in. 
respectively. The type of fracture is attributed, not to loss 
of ductility at low temperature, since this was not found in 
the tests on the steel itself, but to the restraints imposed by 
welding.—J. P. s. 

Transition Temperatures of Structural Steels. A. Boodberg 
and E. R. Parker. (Welding Journal, 1949, vol. 28, Apr., 
pp. 167-s-177-s). Tests on four high yield-strength-struc- 
tural steels, in the form of (1) 3-in. wide edge-notched tensile 
specimen; (2) 12-in. wide centrally notched tensile speci- 
mens; (3) restrained welded specimens tested in tension, 
showed: (a) That the 3-in. edge-notched and the 12-in. 
centrally notched specimens indicated almost identieal tran- 
sition temperatures for a given steel ; (b) that the restrained 
welded specimens indicated transition temperatures some 
45-50° F. (25-28°C.) higher; (c) that while transition 
temperatures of two steels may be close, the energy absorbed 
may be very different. For arranging steels in their order of 
brittleness, the author considers the 3-in. edge-notched 
specimen is the most suitable and simple.—4. P. s. 

Evaluation of Effect of Residual Stresses. T. W. Greene. 
(Welding Journal, 1949, vol. 28, May, pp. 193-s—204-s). An 
attempt was made to determine the effect of residual stresses 
on the mechanical properties of welded plates, by introducing 
artificial stress-raisers, such as notches, and artificial defects 
such as saw cuts and cracks. All these had the effect of reduc - 
ing the stress at which fracture occurred in bending. Low 
temperature, 350° F. (176° C.) or furnace stress relief treat- 
ment at 1200° F. (650° C.) raised the stress required for 
failure well above the yield points of the material.—s. P. s. 

Changes Found in Run-In Scuffed Surfaces of Steel, Chrome 
Plate and Cast Iron. J. N. Good and D. Godfrey. (U.S.A. 
National Advisory Committee on Aeronautics, 1947, Oct., 
Technical Note No. 1432: Bulletin and Foundry Abstracts 
of the British Cast Iron Research Association, 1949, vol. 9, 
Mar., p. 394). A study of run-in and scuffed surfaces was 
made by X-ray and electron diffraction techniques, micro- 
hardness determinations, and examination of structure. The 
main chemical reactions were oxidation and carburization, 
which varied with surface-wear conditions. Cast-iron sur- 
faces softened during tests. 

Measurement of Residual Stresses in the Surface of Case- 
Hardened and Quenched Steels. J. Pomey, L. Abel, and 
F. Goutal. (Comptes Rendus, 1949, vol. 228, May 16, pp. 
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1565-1567). The elastic limit in compression of a polished 
surface can be determined by pressing a small polished 
hard-steel ball on it and measuring the electrical resistance 
at the ball/surface contact for various loads ; the resistance 
drops sharply at the elastic limit. The steel to be tested is 
prepared in the form of a cylinder and case-hardened ; the 
hardness and elastic limit in compression are then measured 
on the cylinder surface and again after boring out the interior 
of the cylinder and cutting into a dozen small pieces with 
small cuts under water to avoid heating and deformation. 
To relate the data so obtained, discs of a similar steel con- 
taining about 1% of carbon are submitted to the same heat- 
treatment as the main specimens (after protection by copper- 
plating) and then stressed progressively in the elastic range 
by pressing between co-axial rings of different sizes to the 
shape of a paraboloid of revolution. The elastic limit in 
compression is measured by the ball method, and the corre- 
sponding elastic stresses are calculated from the curvature. 
The elastic limit figures obtained for the discs are compared 
with those for the cylinder, and hence the residual stresses 
in the latter are deduced. By way of illustration, the deter- 
mination of the residual stresses in a case-hardening steel 
containing 0-18% of carbon, 1-5% of nickel, 1% of chrom- 
ium, and 0-8% of manganese, after gas-carburizing and 
quenching, is described.—a. E. Cc. 

Static and Dynamic Strength Investigations on Spot Welds 
in High-Strength Steel Sheets. V. Hauk. (Archiv fiir das 
Eisenhiittenwesen, 1949, vol. 20, Jan.—Feb., pp. 41-51). 
Shear and tensile-fatigue tests were made on spot welds in 
cold-rolled heat-treated low-alloy steel sheets (C 0-25%, 
Mn 1-2% Cr 0-8%, V 0-15% and C 0-20%, Mn 2-1%) 
from 0-3 to 1-2 mm. thick, and the optimum welding condi- 
tions were established. The scatter in the static shear 
strength tests was about +-20%. The shear strength of single- 
row spot-welded joints was about 75% of that of double-row 
joints. Tests on spot welds in tension showed values only 
10-15% of the strength in shear. The notch effect of the 
transition from parent metal to weld metal determined the 
fatigue life of the joint.—r. A. R. 

Action of an Intense Luminous Ray on Particles of Iron 
Falling in Air at Different Pressures. P. Tauzin. (Comptes 
Rendus, 1949, vol. 228, Apr. 4, pp. 1216-1218). Ultra- 
microscopic particles suspended in air may be displaced by 
an intense beam of light, some in the direction of the beam 
(positive photophoresis) and some against it (negative photo- 
phoresis). The author repeated the experiment with fine 
iron powder, of particle size not exceeding 6 microns, to 
determine whether the effect depended on the presence of 
air. The dust was slowly fed in at the top of a large vessel 
and the light beam struck the falling particles immediately 
below the feed opening. At first the repulsion and attraction 
were interfered with by air movements, but at about 1 mm. 
of mercury two sprays appeared, one formed of very fine 
lines of tiny particles attracted by the light, the other of 
much more luminous lines, corresponding to coarser particles 
or clusters of particles. Interposition of an absorbent glass 
in the ray stopped the effect. At still lower pressures the 
effect decreased, the attraction more rapidly than the repul- 
sion, and at 10-* mm. of mercury the particles fell practically 
vertically. This disappearance is not thought to be caused 
by an increase in the rate of particle fall with decreasing air 
pressure.— A. E. C. 


METALLOGRAPHY 


The Phase Contrast Microscope. A. Arnulf. (Société 
Francaise de Métallurgie, Oct. 20, 1948: Revue de Métal- 
lurgie, Mémoires, 1949, vol. 46, July, pp. 457-460). The 
theory of the phase contrast microscope and four variants 
of the instrument are described.—a. E. c. 

The Electron Microscope. A. E. Williams. (Iron and Coal 
Trades Review, 1949, vol. 158, June 17, pp. 1345-1347). 
A survey is presented of recent improvements and develop- 
ments in the electron microscope. Descriptions are given of 
the operation of the Metrovick EM3 and Philips 35-mm. film 
electron microscopes.—J. C. R. 

A Direct Method of Studying Certain Surface Conditions : 
Grinding in a Vacuum with Simultaneous Electron-Diffraction 
Control. R. Courtel. (Métaux et Corrosion, 1948, vol. 23, 
June, pp. 165-166). A new technique is briefly described 
with which, when grinding the specimen in vacuvo, an imme- 
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diate electron-diffraction control can be exercised on surface 
condition. Results with mild steel are briefly recorded.—. Cc. R. 

A Diffusion Method for Determining the Austenitic Grain 
Size of Steel. E. E. Eckel and S. J. Paprocki. (Transactions 
of the American Society for Metals, 1949, vol. 41, pp. 1204- 
1212). The austenite grains can be shown up in steel by 
diffusing bronze into the steel intergranularly at the austenti- 
tizing temperature. A regular metallographic polish followed 
by a 4% picral etch develops a clear, high-contrast micro- 
structure which may be easily evaluated and photographed. 
The austenitic grain sizes obtained agree well with those 
developed by other methods.—R. A. R. 

Method for Studying Electrolytic Polishing. I. Epelboim 
and C. Chalin. (Métaux et Corrosion, 1948, vol. 23, Jan., 
pp. 1-4). Using Jacquet’s method of electropolishing, 
optimum conditions were determined by plotting the varia- 
tion in resistance of the electrolytic cell.—s. 0. R. 

Micropolishing. E. Knuth-Winterfeldt. (Métaux et Cor- 
rosion, 1948, vol. 23, Jan., pp. 5-8). A method is described 
whereby small polished surfaces suitable for micrographic 
examination can be obtained by means of electrolytic 
polishing. An illustrated description is given of the appar- 
atus used. This method is particularly applicable to ferrous 
materials.—J. C. R. 

The Preparation of Thin Steel Specimens by Cutting with 
the Microtome. C. Benedicks and O. Tenow. (Mikroskopie, 
1949, vol. 4, No. 5-6, pp. 129-157, Reprint). This is a 
German translation of the paper which appeared in Journ. 
I. and S.I., 1949, vol. 161, Mar., pp. 177-186. 

Fractographic Examination of Ship Plate. C. A. Zapffe, 
C. O. Worden, and F. K. Landgraf. (Welding Journal, 1949, 
vol. 28, Mar., pp. 126-s—135-s). Fractographs on a number 
of steels were obtained by freezing the steel to —196° C. 
in liquid nitrogen and breaking with a hammer blow. The 
surfaces of the fracture were examined under the microscope, 
a special stage being installed to facilitate the examination 
of individual facets. The cleavage characteristics are con- 
trolled by the following factors: (1) Atomic cohesion; (2) 
transgranular fracture; and (3) intergranular fracture. 
Fractographs gave no indications of factor (1), but did 
illustrate (2) and (3). The authors claim that, for a given 
steel the cleavage patterns disclose the toughness in agree- 
ment with mechanical and Charpy impact tests. Toughness 
is indicated by a rough coral-like structure, showing 
distortion and a rough surface and the absence of crystallo- 
graphic markings; in a steel of lesser toughness, surfaces 
are smoother and flatter, and crystallographic markings, 
corresponding to the cleavage planes of the crystals, are 
evident.—4J. P. Ss. 

Atomic Structure of Metals. H.H. Bleakney. (Canadian 
Metals and Metallurgical Industries, 1949, vol. 12, Mar., 
pp. 14-17, 26, 28, 29). The constituents of atoms of a number 
of elements are described and explained, and this basis is 
then used to explain how atoms are assembled in a crystal, 
how crystals grow from a solidifying liquid, and the relation- 
ships of the crystals to each other.—-nr. A. R. 

Industrial X-Ray Equipment. (Mechanical World, 1949, 
vol. 125, Apr. 22, pp. 427-432). The design of the Metallix 
X-ray tube and of some industrial X-ray units of different 
capacity are described and the techniques of radiography, 
fluoroscopy, and X-ray crystal analysis are explained. 

R. A. R. 

The Structure of Meteoric Iron. H. Klemm. (Archiv fiir 
Metallkunde, 1949, vol. 3, Apr., pp. 132-134). 

The Phenomenon of Mechanical Twinning. A. V. Stepanov. 
(Journal of Experimental and Theoretical Physics, U.S.S.R., 
1947, vol. 17, Aug., pp. 713-723). This is a theoretical discus- 
sion with only brief reference to experimental data previously 
available regarding the phenomenon of twinning in zinc, 
alpha-iron, bismuth, antimony, cadmium, magnesium, and 
calcite. The author puts forward the hypothesis that 
twinning is a mechanical orientation effect connected with 
the anisotropic modulus of elasticity of the crystal. A force 
applied to the crystal gives rise to an asymmetric distribution 
of the shearing stresses and this, when the elastic energy 
approaches the value of the energy of activation involved, 
results in a mechanical reorientation (twinning) in the 
volume of the crystal orientated with the lowest value of the 
modulus of elasticity relative to the plane containing the 
applied force. Two distinct stages of the twinning process 
are distinguished. The first, just referred to, is an elastic, 
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reversible mechanical orientation process, which results in 
the formation of a twinned nucleus. The second stage is the 
growth of this nucleus into a visible twin. This growth, con- 
trary to the formation of the nucleus—a purely crystal-lattice 
phenomenon—occurs as a result of boundary displacement 
and requires much lower values of the mean stress.—A. E. C. 

Study of Certain Phenomena in Alloys by a Thermoelectric 
Method. U.M. Margolin. (Journal of Technical Physics, 
U.S.S.R., 1948, vol. 18, No. 1, pp. 61-70 [in Russian] : 
[Abstract] Centre National de la Recherche Scientifique, 
Bulletin Analytique, 1949, vol. 10, No. 2, p. 1162). The 
author discusses phenomena occurring during heating and 
cooling of alloys, variation of the thermoelectric power of 
various carbon steels, and martensite transformation during 
tempering. 

Notes on the Definition of Pearlite. J. A. Veré. (Royal 
Hungarian Palatine-Joseph University, Publications of the 
Department of Mining and Metallurgy, 1939, vol. 11, pp. 188- 
189). In 1912 the International Association for Testing 
Materials agreed on the following definition of pearlite : 
“‘ The iron carbon eutectoid, consisting of alternate masses of 
ferrite and cementite. When pure it contains about 0-90%, 
of carbon and 99-10% of iron.’”’ Examples are given to show 
that this definition is unsatisfactory and a plea is made to 
revise it in the light of present knowledge.—R. A. R. 

Isothermal Recrystallization. P. Laurent, M. Eudier, and 
M. Batisse. (Société Francaise de Métallurgie, Oct. 21, 1948 : 
Revue de Métallurgie, Mémoires, 1949, vol. 46, July, pp. 446— 
451). The authors first discuss the kinetics of isothermal 
recrystallization ; they then recount experiments made on 
the isothermal recrystallization of aluminium and brass, and 
finally apply to the results the theories of Krupkowski and 
Balicki, of Cook and Edwards, and of Johnson and Mehl to 
see how far they are able to account for the facts observed. 

a; ..4; 

Superlattice Formation in the Nickel-Iron—Manganese 
Alloys. S. Kaya, M. Nakayama, and H. Sato. (Proceedings 
of the Physico-Mathematical Society of Japan, Third Series, 
1943, Mar., pp. 179-197). [In German]. The presence of a 
superlattice in alloys of the composition Ni,(Fe,Mn,_,), 
where O <x <1, was confirmed by measurements of the 
electrical resistance, magnetic saturation, specific heat, para- 
magnetic susceptibility, thermal expansion, and thermal 
e.m.f. As the composition changes from Ni,Fe to Ni,Mn, 
the critical temperature of the formation of the long range 
order gradually disappears, whilst the energy of disordering 
is at a maximum when the composition is Ni,FeMn. 

The Formation of a Superlattice in Iron-Cobalt Alloys and 
their Magnetic Properties. S. Kaya and H. Sato. (Proceed- 
ing of the Physico-Mathematical Society of Japan, Third 
Series, 1943, vol. 25, Apr., pp. 261-273). [In German]. 
The relationship between the formation of a superlattice in 
iron-cobalt alloys and the magnetic properties has been 
studied by means of measurements of the specific heat, electric 
resistance, and magnetic properties. The specific heats of 
alloys with 60% and 40%, of cobalt showed very sharp peaks 
at about 690° C. 

New Conception Concerning the Transformations in Steel. 
J. H. Andrew. (Société Francaise de Métallurgie, Oct. 22, 
1948: Revue de Métallurgie, Mémoires, 1949, vol. 46, Apr., 
pp. 233-236). The author discusses what happens when 
steels transform from the y state to the (« -- Fe,C) state during 
cooling. As carbon in solution in y-iron is in the form of 
free atoms occupying interstices in the face-centred lattice 
the line dividing the y from the (y + Fe,C) field (carbon 
contents above the eutectoid) must represent the tempera- 
ture not only of the precipitation but also of the actual 
formation of the carbide. The unit cell of massive iron 
carbide contains four carbon atoms and twelve iron atoms, 
which must have congregated together for (Fe,C), to precipi- 
tate. In steels below the eutectoid composition, however 
(say 0-22% carbon), there are not enough carbon atoms to 
influence all the unit cells equally, hence the distortion of the 
iron lattice due to them is greatest in those cells in contact 
with them and diminishes with increasing distance from them. 
Thus, on cooling, the cells least influenced will transform into 
a-iron first, the others doing so progressively later at tempera- 
tures that decrease as the distortion increases ;_ transforma- 
tion will proceed at constant temperature at the eutectoid 
composition, with six unit cells per carbon atom, a structure 
in which the cells are affected equally. By heating a 0.22% 
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carbon steel above Ac;, cooling it rapidly just below Ar, and 
quenching it in iced brine the amount of ferrite produced is 
about the same as that due to simple normalization ; this 
proves that most of the ferrite is formed at the y/(« + y) 
field boundary. To distribute the carbon uniformly by diffu- 
sion, the temperature of a low-carbon steel must be raised 
higher than in normalization ; the transformation points are 
depressed by this treatment—in other words, dispersal of the 
carbon renders its influence on the unit cells more uniform 
and increases the distortion of the iron lattice. If diffusion 
of the carbon during heating above Ac, is incomplete, on 
cooling «-iron transforms to y first and then (Fe,C), precipi- 
tates; if diffusion is complete, however, only the carbide 
precipitates as Fe,C or in its dissociated form. The author 
discusses the influence of initial temperature on the micro- 
structure and on isothermal transformations, the expansion 
due to carbon solution in y-iron, the contractions observed 
on heating martensitic structures, and explains them on 
the basis of his new idea. He also shows that his theory 
applies equally well to alloy steels, by reference to steels con- 
taining chromium and molybdenum.—a. F. Cc. 


CORROSION 


Recent Progress with Researches on Corrosion and Micro- 
biological Corrosion. W. H. J. Vernon. (Journées de 
Corrosion, 1947: Métaux et Corrosion, 1948, vol. 23, Feb.. 
pp. 34-40). A review is presented of the research work being 
undertaken at the Chemical Research Laboratory, Depart- 
ment of Scientific and Industrial Research, Teddington, 
England.—4. c. R. 

Corrosion, Passivity, and Passivation from the Thermo- 
dynamic Point of View. M. Pourbaix. (Corrosion, 1949, 
vol. 5, Apr., pp. 121-133). This is an English translation of 
a paper read at the Conference on Surface Condition held in 
Paris in 1945, organized by the Commission Technique des 
Etats et Propriétés de Surface des Métaux. See Journ. I. 
and §.I., 1947, vol. 157, Oct., p. 315.—-R. a. R. 

Corrosion of Iron and Steel by Industrial Waters and its 
Prevention. (Iron and Steel Institute, 1949, Special Report 
No. 41). The Industrial Waters (Corrosion) Sub-Committee 
of the British Iron and Steel Research Association, formed in 
1945, has found it necessary to review existing data on the 
corrosion of iron and steel by industrial waters, and this 
brochure surveys the existing knowledge in a general manner. 
Its 56 pages are divided into sections on metallic corrosion, 
causes of corrosion, corrosion under industrial conditions, pre- 
vention of corrosion, investigating corrosion problems, biblio- 
graphy, and references.—R. A. R. 

The Work of the Corrosion Committee of the Iron and 
Steel Institute and the British Iron and Steel Research Associa- 
tion. J.C. Hudson. (Métaux et Corrosion, 1948, vol. 23, 
Sept., pp. 199-205). 

Organization of Anti-Corrosion Measures in Holland. C. A. 
Lobry de Bruyn. (Métaux et Corrosion, 1948, vol. 23, Nov., 
pp. 255-260). A review is presented of the work of five 
Dutch committees studying different aspects of corrosion. 
Particular reference is made to corrosion of underground pipe- 
lines and atmospheric corrosion of structural steelwork. 

JO. a. 

Short Note on the Long Term Atmospheric Tests of the 
Swedish Corrosion Committee. Eva Palmaer. (Métaux 
et Corrosion, 1948, vol. 23, Dec., pp. 285-289). Brief notes 
are given on long-term atmospheric tests being carried out 
in different areas in Sweden on naked, painted, and zinc- 
coated steel sheets. The purpose of the tests is to determine 
the influence of various atmospheric factors on corrosion, the 
influence of the quality of the metal and its preliminary 
treatment, and the protective properties of priming and 
finishing paints.—J. C. R. 

Active Iron in Alkaline Solutions. G. Nilsson. (Métaux 
et Corrosion, 1948, vol. 23, Sept., pp. 206-211). An account 
is presented of research work on the behaviour of active iron 
in alkaline solutions. Under certain conditions cathodic 
treatment facilitated rather than prevented corrosion. 
Activity of iron could be demonstrated in alkaline solutions 
using special organic and inorganic agents. An alkaline 
solution of dithiooxamide could be used to study the resistance 
of the passifying surface layer of the iron.—J. ¢. B. 

Clarification of the Oxidation Process of Iron by Means 
of Oxygen Isotopes. E. I. Dontsova. (Comptes Rendus 
(Doklady) de l’ Académie des Sciences, U.R.S.S., 1948, vol. 63, 
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pp. 305-306 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
Apr. 10, col. 2564). Experiments using normal river water 
and normal air, or water enriched with H,O' with normal 
air, or normal water with air enriched by O18, showed that 
the principal source of oxygen in the composition of rust is 
the oxygen of the water in contact with the metal. Atmo- 
spheric oxygen may be considered as a depolarizer in the 
process, and the reaction is principally that of: O -!- 2e + 
2H->-H,O, and not O + 2e + H,O-20H-. The atmospheric 
oxygen participates in rusting to the extent of about 10% 


ly. 

Contribution to the Study of the Measurement and Mechan- 
ism of the Action of Corrosion Inhibitors. L. Cavallaro. 
(Métaux et Corrosion, 1948, vol. 23, July—Aug., pp. 184-190). 
A thorough investigation of the mechanism of the action of 
corrosion inhibitors indicates that the limits of their efficiency 
lie within a wide pH interval. The relationship between 
crystal structure and inhibiting power of various inhibitors is 
examined. A bibliography of 57 references is appended.—1. c. R. 

Systematic Examination of Corrosion Inhibition. H.C. J. 
de Decker. (Métaux et Corrosion, 1948, vol. 23, Oct., pp. 
226-231). Before using a corrosion inhibitor its action on 
the material and on the media has to be determined. The 
examination will take into consideration (a) essential variables 
(concentration of the inhibitor, time), (b) variables of the 
material (composition, initial state of interior and surface, 
mechanical stresses, etc.), and (c) variables of the media 
(composition and pH, temperature, pressure, speed of move- 
ment, etc.). The author discusses the relationship between 


“ general surface corrosion and the concentration of the 


inhibitor, and the effect of the time factor on corrosion. 
5s, 

Corrosion Proofing Simplified. J.R. Fisher. (Steel, 1949, 
vol. 124, Apr. 25, pp. 81-82). A new protective coating called 
‘ Zincilate ’ incorporates metallic zine which has a sacrificial 
effect ; various qualities are available for use (1) where storing 
of the component is possible, (2) where only air-drying can 
be employed, (3) where fast drying is necessary so that a 
final decorative coating may be applied. All are flexible and 
abrasion-resistant.—J. P. 8. 

Cathodic Protection of Steel in Various Chemical Solutions, 
Using Magnesium, Zinc, and Zinc-Lithium Anodes. R. R. 
Rogers and W. R. G. Stewart. (Canadian Mining and 
Metallurgical Bulletin, 1949, vol. 42, May, pp. 218-221: 
Transactions of the Canadian Institute of Mining and 
Metallurgy, 1949, vol. 42, pp. 107-110). Investigations 
were carried out on the value of pure magnesium and pure 
zine as anodes for the cathodic protection of steel in acid, 
neutral, and alkaline solutions of six sodium salts, namely, 
the chloride, sulphate, chromate, phosphate, acetate, and 
citrate. The conclusions were: (1) Mild steel can be pro- 
tected cathodically in solutions of certain salts at pH values 
between 3 and 11, and at a temperature of 35° C.; (2) in 
many oases anodes of pure magnesium or pure zine can be 
used ; and (3) in certain low pH salt solutions a zinc-lithium 
anode is better than either pure zinc or pure magnesium. 

By A.B. 

A Cooperative Approach to Electrolysis Problems. R. M. 
Lawall. (Corrosion, 1949, vol. 5, Mar., pp. 79-85). In 
Detroit and the surrounding district there is a very large 
number of buried pipes and cables owned and operated by 
municipal and private interests, and the problem of stray 
currents from leaks from earth-return circuits is a serious one. 
This has led to the formation of the Detroit Committee on 
Electrolysis. The author, who is chairman of this committee, 
describes the organization for which the committee is respon- 
sible, and an example of the manner in which a particular 
problem was solved.—Rr. A. R. 

The Technique of Cathodic Protection. R. de Brouwer. 
(Métaux et Corrosion, 1948, vol. 23, Mar.—Apr., pp. 57—70). 
The electrical equipment used for the cathodic protection of 
pipelines is described and the theory involved is explained. 

J. 0. R. 

Preliminary Study of the Natural or Induced Corrosiveness 
of the Soil Prior to the Laying of Underground Piping. A. J 
Maurin. (Métaux et Corrosion, 1948, vol. 23, Mar.—Apr., 
pp. 71-78). 

The Mechanism of Cathodic Protection. KR. B. Mears. 
(Métaux et Corrosion, 1948, vol. 23, Mar.—Apr., pp. 50-56). 
The theory of the mechanism of cathodic protection is dis- 
cussed with particular reference to its application for pre- 
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venting the corrosion of pipelines. (See Journ. I. and S8.L., 
1948, vol. 159, May, p. 108). 

Protection of the Pipelines of the Régie Autonome des 
Petroles against Electrolytic Corrosion. Y. Boyer. (Métaux 
et Corrosion, 1948, vol. 23, Mar.—Apr., pp. 79-88). 

Notes on Electrolytic Corrosion Noticed on a Pipeline of the 
Régie Autonome des Pétroles. J. P. Verrien. (Métaux et 
Corrosion, 1948, vol. 23, Mar.—Apr., pp. 89-97). The corro- 
sion of the pipeline was caused by stray currents from a 
nearby electric railway. Two phases were noticed, the first 
covering a long period, the second being shorter and more 
intense.—J. C. R. 

Galvanic Protection of Buried or Immersed Metallic Struc- 
tures by Magnesium Anodes. B. J. C. Raclot. (Métaux et 
Corrosion, 1948, vol. 23, Mar.—Apr., pp. 98-102). 

Galvanic Corrosion in Oil and Gas Well Fluids. F. L. 
LaQue. (Corrosion, 1949, vol. 5, Mar., pp. 86-91). The 
possibilities of any galvanic couples likely to be encountered 
causing the corrosion of steel by hydrogen evolution under 
circumstances where corrosion of the uncoupled iron would 
be kept at a negligible level by extreme cathodic polarization 
in the absence of oxygen are examined. Corrosion occurs in 
distillate wells where the condensate contains CO, but prac- 
tically no oxygen. In practice, the rapid corrosion of steel 
is confined to areas kept clean by liquid or gas moving at high 
velocity. The extent of galvanic acceleration of the corrosion 
of anodic material is related to the areas involved; when 
the exposed area of cathodic material is relatively small the 





Corrigenda 


The following corrections to abstracts should be noted : 
In the March Journal, p. 264, col. 1, abstract 8, the 
author’s name should be A. P. Schulze; p. 265, col. 2 
abstract 1, the first author’s name should be 8. Wernick ; 
April Journal, p. 390, col. 1, abstract 7, the second author’s 
name should be H. G. Baron ; June Journal, p. 233, col. 1, 
the second equation should read 

7 (hours) = Xye ion . 
ak ti—t 
July Journal, p. 365, col. 1, abstract 3, the third author’s 
name should be M. Gensamer; October Journal, p. 224, 
col. 2, abstract 2, the author’s name should be S. W. 
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galvanic action may be negligible. In solutions of poor 
conductivity galvanic action, while localized near the con- 
tact, will also be limited in extent by the limited area of 
cathodic material available. It is wrong to assume that 
galvanic action will be more severe in low- than in high- 
conductivity electrolytes.—R. A. R. 

A Rapid Method for Determining Resistance to Erosion by 
Cavitation. Y. Bonnard and E. Josso. (Métaux et Corro- 
sion, 1948, vol. 23, May, pp. 116-123). An illustrated descrip- 
tion is given of an apparatus which enables the resistance of 
metals to erosion by cavitation to be determined. The 
apparatus consists of a magnetostrictive generator of vibra- 
tions in liquids in which the metals are immersed, so that 
the cavitation effect is obtained. Results obtained with a 
brass, two bronzes, and three steels are given, and the scatter 
is considered to be sufficiently small for them to compare with 
normal cavitation conditions.—J. Cc. R. 

The Protection of Aero-Engines from Rust, and the Erron- 
eous Indications given by Cobalt Chloride as a Hygrometric 
Indicator. G. F. Jaubert. (Comptes Rendus, 1949, vol. 
228, Mar. 7, pp. 826-828: Génie Civil, 1949, vol. 126, Apr. 15, 
pp. 143-144). When the relative humidity of air drops below 
about 50%, iron and steel are no longer rusted by it. In 
order to protect aero-engines in store, use was made of 
silica gel to which cobalt chloride was added, the intention 
being that the latter (blue when anhydrous and pink when 
hydrated) would indicate when the silica gel would no longer 
absorb moisture. This was a failure, however, because the 
gel and chloride were not in combination and cobalt chloride 
is a more powerful dehydrator than silica gel ; the mixture 
turned pink when only 25-30% exhausted. Im fact, the 
colour of the regenerated silica gel could be blue or pink 
according to the conditions under which it was used and 
dehydrated again. The cobalt chloride also reduced the 
power of absorption of moisture of the silica gel.—a. E. Cc. 
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The Anodic Oxidation of Ferrochromium in a Solution of 
Soda. J. Besson and Chu Yung-Chao. (Comptes Rendus, 
1949, vol. 229, July 18, pp. 207-209). The authors have 
investigated the current efficiency under various conditions 
of the anodic oxidation of ferrochromium (about 30% iron, 
60% chromium, 6.5% carbon) in soda solution. The effici- 
ency reached a maximum, nearly equal to the theoretical 
maximum with a soda concentration of about 4-5 N and low 
current density. The oxidation is accompanied by the 
formation of a film of iron oxide on the anode; it is more 
or less adherent, and thus affects the efficiency.—a. E. c. 

Observations on the Corrosion Behaviour of Steel-Alumin- 
ium Electric Cables after 15-80 years’ Service. J. Héren- 
guel. (Métaux et Corrosion, 1948, vol. 23, Oct., pp. 242-244). 
An account is presented of an examination of some cables 
having a centre core of one or more strands of galvanized 
steel wire and covered with aluminium wire. The cable 
came from different parts of France and brief details are 
given of the appearance and mechanical properties of both 
the aluminium and galvanized iron wires. Their resistance 
to corrosion was found after 15-30 years’ service to have been 
good.—4J. C. R. 

Contribution to the Study of the Corrosion of Metals by 
Liquid Fuels. P. Schlapfer and A. Bukowiecki. (Métaux et 
Corrosion, 1948, vol. 23, Dec., pp. 267-277). Tests were 
carried out with the constituents of liquid fuels and their 
mixtures to study the corrosive influence of acid and water 
additions. Tests lasting a week at 30° C. were made with 
six metals one of which was iron. Slightly acidified, water- 
free fuels exerted only a weak corrosive effect on most metals 
and no such effect on iron. Fuels containing water, however, 
strongly attacked most metals. Such attacks in fuels con- 
taining air were analogous to atmospheric corrosion attacks 
because organic liquids are capable of dissolving more oxygen 
than water or salt solutions.—J. c. R. 

Considerations on the Passivity of Metals. R. Piontelli. 
(Métaux et Corrosion, 1948, vol. 23, May, pp. 124-135). In 
this article the author discusses (a) the relationship between 
inertia and passivity phenomena; (b) the nature of the 
modifications of a passified metal; (c) the mechanism by 
which these modifications are translated into variations of 
electrochemical potential of the metal in the solutions used ; 
and (d) the mechanism of various factors (temperature, 
anions, etc.) which influence passivity phenomena.—4J. C. R. 

Electron Diffraction Studies on the Nature of the Corrosion 
Resistance of Stainless Steel. S. Yamaguchi, T. Nakayama, 
and T. Katsurai. (Journal of the Electrochemical Society, 
1949, vol. 95, Jan., pp. 21-24). Electron diffraction measure- 
ments were made of surface films produced on 18/4 and 19/9 
chromium-nickel stainless steels produced by exposure to 
water vapour at elevated temperatures and pressures in an 
autoclave. Comparison of the data with X-ray diffraction 
data indicate that the film may be a solid solution of (Ni, Fe) 
CrO,. A good lattice fit was noted between the surface film 
and the substrate, which accounts for the strong adhesion of 
the protective film.—R. a. R. 

The Passivation of Stainless Steels and Adsorption Pheno- 
mena. L. Guitton. (Métaux et Corrosion, 1948, vol. 23, 
Feb., pp. 29-33). The author has studied the mechanism of 
sensitization and passivity and the effect of heat on sensitized 
surfaces. The passivation of stainless steel appeared to be 
an adsorption phenomenon the nature of which depended on 
the technique employed. Activation of the surface by pre- 
liminary attack enabled a chemical adsorption to be obtained 
with a passivity capable of a stable resistance to sulphuric 
acid.—J. C. R. 

Corrosion of Galvanized Roofing Iron in Contact with Moist 
Building Materials, Earth, Clay and Sand. A. V. Solov’ev. 
(Zhurnal Prikhladnoi Khimii, 1949, vol. 22, No. 1, pp. 62-66 
{in Russian]: [Abstract] Bulletin of the British Non-Ferrous 
Metals Research Association, 1949, June, p. 259). The paper 
gives results of tests at room temperature on both galvanized 
and bare iron in 18 materials, including heat insulating 
materials (silicate foam, asbestos, asbestos cement, clinkers, 
etc.), sillimanite, clay, bricks, sand, peat, ‘black earth,’ 
gypsum (plaster), and portland cement containing 9% 
bituminous paste. A zinc coating 0-02 mm. thick was found 
to give fair to good protection in some cases. 

Marine Fouling and Boring Organisms. J. L. Baughman. 
(Corrosion, 1949, vol. 5, Apr., pp. 113-120). The life cycle 
of barnacles and other marine growths is described and the 
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use of poisonous paints is discussed. The results of copper 
leaching-rate tests indicate that if the leaching rate is less 
than 0-004 g. of copper/1000 sq. ft./24 hr. fouling is almost 
certain to occur. Wood-boring organisms are also described. 

R. A. R. 


ANALYSIS 


On Making Standard Plans for Laboratories in the Metal- 
lurgical Industry. A. G. Bogdanchenko. (Zavodskaya 
Laboratoriya, 1949, vol. 15, May, pp. 600-604). [In Russian]. 
Examples are given of the great diversity found in the siting, 
layout, and equipment of works laboratories attached to 
metallurgical plants in the U.S.S.R. The introduction of 
standardized plans for works laboratories and their equip- 
ment is urged and the holding of competitions for such plans 
is suggested. As a means of improving analytical procedure 
in works laboratories, it is proposed to replace purely chemical! 
by physical and physicochemical methods.—s. kK. 

On the Question of the Development of New Methods of 
Chemical Analysis. Iu. M. Kostrikin. (Zavodskaya Labora- 
toriya, 1949, vol. 15, May, pp. 604-606). [In Russian]. The 
development, choice, and testing of new methods of analysis 
are considered. Present practice in these respects is said to 
be frequently unsatisfactory.—s. K. 

Amyl Acetate: A Solvent for the Separation of Iron in 
Metallurgical Analysis. J. E. Wells and D. P. Hunter. 
(Analyst, 1948, vol. 73, Dec., pp. 671-673). A method for 
the separation of iron from chloride-sulphate solutions of 
steel is described. The method involves the use of amy] 
acetate as solvent, and is extremely efficient. The conditions 
necessary for maximum separation have been evaluated, and 
it has been shown that the method of separation possesses 
marked advantages over the more usual ether separations. 

Contribution on the Testing of Steels by the Spark Pattern. 
G. Halfter. (Archiv fiir Metallkunde, 1949, vol. 3, Apr.. 
pp. 149-150). The results of observing the grinding sparks 
from alloy steels through colour filters are pointed out. Blue 
and yellow filters enable the low-alloy chromium and molyb- 
denum steels to be differentiated. With the yellow filter 
0-30% of chromium with a carbon content of 0-8% could be 
clearly detected.—R. A. R. 

On the Estimation of Metallic Iron in Powders. M. Portessis. 
(Comptes Rendus, 1949, vol. 228, Apr. 4, pp. 1233-1234). 
When grinding hard powders metallic iron may be introduced 
into the sample from the mortar or mill, and if the material 
of the powder contains a magnetic constituent the removal of 
the metallic iron by means of a magnet is not permissible. 
The author describes a method of estimating the iron by 
attacking a weighed quantity of powder with dilute hydro- 
chloric acid in a flask, from which the air has been expelled 
by boiling water contained in it, and measuring the volume of 
hydrogen gas evolved.—a. E. C. 

Gases in Cast Iron. Notes on the Hot-Extraction Method of 
Gas Analysis as Applied to Cast Iron. J. E. Hurst and R. V. 
Riley. (Institute of British Foundrymen, June 14-17, 1949, 
Paper No. 941). An account is given of the authors’ experi- 
ments on the evolution of gases from a solid cast-iron specimen 
using the hot-extraction method. It was found that this 
technique did not work so precisely for cast iron as it did 
for steel. The composition of the gas evolved at 600-800° C. 
in vacuo was not predominantly hydrogen, but contained 
appreciable amounts of nitrogen and carbon monoxide ; 
moreover, not all the hydrogen was removed in this tempera- 
ture range. Further amounts of hydrogen (and carbon 
monoxide and nitrogen) were obtained on: (a) raising the 
extraction temperature ; (6) machining off the outer layers 
of the specimen : (c) exposing the specimen to the atmosphere; 
(d) melting the iron. It is suggested that total oxygen con- 
tent as found by vacuum-fusion analysis of grey cast iron is 
not a measure of the inclusions of oxides, silicates, etc., 
present. The oxygen content is due in part to the presence 
of carbon monoxide existing in voids in the iron or in close 
association with flake graphite. Values reported for the 
oxygen content of cast iron may therefore have an entirely 
different significance from those resulting from the gas 
analysis of steel. The distribution of nitrogen in iron is 
probably also complicated by the presence of graphite and a 
more open structure than is found in steel. 

Colorimetric Determination of Silicon in Low Alloy and 
Carbon Steels. U. T. Hill. (Analytical Chemistry, 1949, 
vol. 21, May, pp. 589-590). The accuracy of colorimetric 
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determination of silicon in steels, using the yellow silico- 
molybdate complex, can be improved, and the range extended 
if the blank is so formed that it contains the same reagents as 
the sample but does not produce this colour. In the proced- 
ures described this is done by reversing the order of the 
addition of the reagents. The method is suitable for routine 
analytical work.—J. P. s. 

Colorimetric Determination of Aluminium in Steel. S. E. 
Wiberley and L. G. Bassett. (Analytical Chemistry, 1949, 
vol. 21, May, pp. 609-612). In a new method for the deter- 
mination of small amounts of aluminium in steel, the sample 
is dissolved in nitric and perchloric acids, fumed, cooled, 
and diluted ; the solution is then electrolysed in a water- 
jacketed mercury-cathode cell until iron, and most other 
elements except zirconium, titanium, and vanadium, are 
removed. The solution is then brought to a pH value of 
about 6 with alkaline ammonium acetate solution and a 
solution of 8-hydroxyquinoline in acetic acid. The complex 
formed is extracted with chloroform, and the extract trans- 
ferred to the colorimeter for measurement : a wavelength of 
390 millimicrons is used.—4J. P. s. 

The Potentiometric Method for the Determination of 
Aluminium in Bronzes and Steel. B. G. Ivanov and S. M. 
Bezyaiko. (Zavodskaya Laboratoriya, 1949, vol. 15, May, 
pp. 511-514). [In Russian]. The results are presented of a 
series of experiments carried out to test the applicability of 
the method of potentiometric titration with standard sodium 
fluoride solution for the determination of aluminium in 
bronzes and steel, details being given of the procedure found 
most satisfactory. A special device is described whereby 
one potentiometer can be used for three or four potentio- 
metric tritrations carried out concurrently. A single deter- 
mination of aluminium in a solution of a 5-g. sample of steel 
is said to take 24 hr., the relative error of the results being 
less than 1-5°%.—s. K. 

On a New Potentiometric Method for the Determination of 
Manganese. N. A. Glebov. (Zavodskaya Laboratoriya, 1949, 
vol. 15, May, p. 609). [In Russian]. Results obtained 
for the determination of manganese in various steels, ferro- 
manganese, and manganese ore by the potentiometric method 
of A. I. Busev are given and shown to agree well with those 
by standard methods. Busev’s method also has a number of 
operational advantages.—s.K. 

Photocolorimetric Method for the Determination of Nickel 
in Steel without Complex Formation. A. Masurova. 
(Zavodskaya Laboratoriya, 1949, vol. 15, May, p. 610). [In 
Russian]. In the modified dimethylglyoxime colorimetric 
method described for the determination of nickel in steel and 
iron, the iron is separated as the hydroxide and not in the 
form of a complex. Results obtained by this method are 
exemplified and shown to be satisfactory.—s. K. 

Photo-Attachment for the Steeloscope. V. D. Pisarev. 
(Zavodskaya Laboratoriya, 1949, vol. 15, May, p. 624). [In 
Russian]. A very simple photographic device for use with a 
steeloscope is described; it can be constructed from a 
miniature film. camera. Examples of photographs of the 
spectra of iron, obtained with the device, are given.—s. K. 

The Iodometric Determination of Iron and Copper. F. L. 
Hahn. (Analytica Chimica Acta, 1949, vol. 3, Jan., pp. 
65-68). Where many titrations have not to be carried out 
it is proposed to employ for a single determination of 2-3 
mval Cu (equivalent to 20-30 ml. N/10 sodium thiosulphate) 
5 g. of solid potassium iodide ; the cuprous iodide remains 
at first in solution as a complex and finally produces 
a slight white pecipitate. The end-point of the titration is 
sharper than in the usual method. If a neutral concentrated 
solution of ferric chloride is added to a small amount of the 
eatalyst, potassium cuprous iodide, prepared as described, it 
is possible to titrate immediately and accurately the equiva- 
lent quantity of iodine which is released. By this procedure 
considerable economy in time and increased precision of the 
titration of copper and iron may be realized.—R. A. R. 

The Volatility of Molybdic Acid. Thérése Dupuis. (Comptes 
Rendus, 1949, vol. 228, Mar. 7, pp. 841-843). The experi- 
ments reported on showed that MoO, alone does not volatilize 
below about 782° C.; when various molybdates are decom- 
posed by heating, loss is not to be feared below 800° C. 
A synthetic intimate mixture corresponding to SiO, + 
12Mo0O, began to lose molybdic acid at 761° C.—a. E. c. 

On the Quantitative Determination of Tungstates in the 
Presence of Sulphates and Silicates. F. Buscarons and A. H. 
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de la Sota. (Annales de Fisica y Quimica, Series B, 1949, 
Mar., pp. 403-412). [In Spanish]. A study was made of 
the application of methods for the quantitative determination 
of tungsten to the determination of tungstates in the presence 
of sulphates and silicates, which are the anions frequently 
accompanying the tungstates and which behave similarly. 
Correct determination of tungsten in the presence of silicates 
can be carried out, either by precipitation with benzidine, and 
volumetric determination of the tungstate of this amine, or 
by the colorimetric method with this same organic base. The 
determination in the presence of sulphates is made by the 
precipitation of orthodianisidine tungstate and subsequent 
volumetric determination. The non-precipitation of the 
o-dianisidine with the sulphate anion is used to distinguish 
it quickly and easily from the benzidine, an amine of very 
similar behaviour.—R. s. 

The Estimation of Small Amounts of Zinc and Cadmium 
in Nickel Baths. K. Gardner. (Electroplating, 1949, vol. 2, 
May, pp. 303-306.) A method is described for the polaro- 
graphic determination of small amounts of zinc and cadmium 
in nickel-plating baths, which take less time than previously 
published methods. It was developed for work on fluoborate 
nickel solutions, and the estimation of zinc and cadmium in 
the Watts solution, for example, does not present any diffi- 
culty. 

Amperometric Determination of Some of the Main Com- 
ponents of the Electrolytes of Electroplating Baths. N. G. 
Chovnyk, N. N. Kuzmina, A. N. Galkina, and B. Ya. Starik. 
(Zavodskaya Laboratoriya, 1949, vol. 15, May, pp. 517-522). 
[In Russian]. An account is given of methods found satis- 
factory for the amperometric determination in electrolytes 
from plating baths of ions of copper and nickel with potas- 
sium ferricyanide, of ions of zinc with potassium ferrocyanide, 
and of sulphate ions with lead, it being possible to estimate 
the concentration of aluminium indirectly from the results 
of this last. Some amperometric results are compared with 
electrolytic determinations of copper and nickel, potentio- 
metric determinations of zinc, and with gravimetric determi- 
nations of sulphate, good agreement being found. The 
possibility of the amperometric determination of cadmium, 
using potassium ferricyanide or ferrocyanide, is indicated.—s.k. 

Determination of Nickel Deposition by a Colorimetric Method 
as Applied to Enameling Iron. E. A. Brown and N. H. Stolte. 
(Enamelist, 1948, vol. 25, No. 11, pp. 10-15: American 
Ceramic Abstracts, 1949, Apr. 1, p. 100). The method of using 
the electrophotometer to determine the nickel concentration in 
the residue on enamelling iron is described. It is applicable for 
concentrations up to 0-06 g. of nickel per square foot of iron. 

Contribution on Methods of Analysing Blast-Furnace and 
Coke-Oven Gases. B. Dupuis. (Société Frangaise de 
Métallurgie, Oct. 20, 1948: Revue de Métallurgie, Mémoires, 
1949, vol. 46, Apr., pp. 210-213). In his routine analyses 
of blast-furnace gas the author had been reporting more than 
1% of methane, an abnormally high figure, and the purpose 
of the work described here was to check this figure. His 
experiments led him to agree with Gooderham that the eudio- 
meter did not give accurate results for methane. He there- 
fore adapted his Orsat apparatus to use the following reagents : 

For CO,: 33% potassium hydroxide (36° Bé). 

C,H,: Saturated bromine water. 

O,: One volume of 25% pyrogallol in water mixed with 
5 volumes of 60% potash solution in water. The liberation 
of CO noted by some investigators did not occur with 
pyrogallol solution thus prepared. 

CO: Two reagents containing cuprous chloride, one 
dissolved in hydrochloric acid (rapidly absorbent) and one 
in ammonia (quantitatively absorbent). They become 
spent fairly quickly. 

H,: Burnt on a cuprous-oxide-base catalyst at 270° C. 

CH,: Combustion on a cuprous-oxide-base catalyst at 
800° C. 

The confining liquid was acidulated water and gas volumes 
were measured at constant pressure. 

With the new apparatus the methane values were found 
to run between 0-1 and 0-3%. These tests also showed the 
absence of unsaturated hydrocarbons in blast-furnace gas. 
The sampling of gas and the storage of the samples are briefly 
touched on.—aA. E. C. 

The Determination of the Sulphur Content in Solid Fuels. 
II. J. Hamaker. (Chemisch Weekblad, 1949, vol. 45, May 
28, pp. 364-367). [In Dutch]. 
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BOOK NOTICES and NEW PUBLICATIONS 
BOOK NOTICES 


Iver, V. G. ‘ Metallurgical Analysis.” 8vo, pp. xviii + 
612. Benares, 1947: Published by the Author. (Price Rs. 15.) 
This is the second edition of a work first published in 
1943, and based both on the author’s experience in the 
Chemical Laboratories of the Tata Iron and Steel Works 
and on his teaching practice at the Benares Hindu Uni- 
versity. His book is therefore of a very comprehensive 
character and it covers the analysis of ferrous and non- 
ferrous ores, metals, and alloys, and of coals, gases, and 
mineral oils, as well as the determination of the hardness 
of water and the analysis of Portland cement. While the 
scope of the book makes it very valuable to the industrial 
analyst, the arrangement of determinations as numbered 
experiments, and the inclusion of passages on the 
principles of measurement and the care and construction 
of apparatus make it equally useful for teaching purposes. 
Professor Iyer regrets that owing to the difficulty of 
importing the appropriate apparatus into India he has 
not felt able to make reference to newer methods, such as 
spectrography, absorptiometry, and the use of the Carbo- 
meter ; his book therefore reflects current conditions in 
India and relies on volumetric and gravimetric methods; 
but Indian workers who follow his careful and lucid explana- 
tion of those methods and the principles involved should 
attain a very high standard of accuracy.—4J. P. s. 
PEerTHEN, J. “ Pritfen und Messen der Oberflachengestalt.” 
8vo, pp. 257. Illustrated. Munich, 1949: Carl Hanser 
Verlag. (Price 28 DM.) 

This monograph is devoted to the testing and measure- 
ment of surface topography, and is intended to collect 
together in one volume material that has hitherto only 
appeared in technical journals or in the proceedings of 
learned societies. 

The work is divided into eight main sections. Section A 
considers the fundamentals of the subject, whilst Section B 
deals with conceptions of macro- and micro-topography 
and with the criteria of roughness that have been developed 
in different parts of the world. 


Section C is concerned with the development of the 
various testing and measuring devices and with their 
underlying principles, the difference between a testing 
method and a measuring method being that the former is 
of the nature of a ‘ go’ and ‘ no-go’ gauge, whilst the latter 
either directly or indirectly expresses surface roughness 
numerically. In Section D, which is the longest section 
in the book, the author describes methods for determining 
discontinuities (hardening cracks and the like) as well as 
means for observing and measuring surface topography. 
The processes of crack detection by means of the magnetic 
crack detector, by boiling in oil and by the use of a fluorese- 
ing liquid are briefly described. The author then describes 
the use of lenses, microscopes (with vertical and with 
dark field illumination), and of the phase-control fix- 
ture as developed by Zeiss and the American Optical 
Company. 

Then follows a description of the comparison microscope 
and of the determination of surface roughness by means of 
actual cross-sectioning. He then goes on to describe the 
Schmaltz so-called ‘light-slit’ method and, finally, a 
number of industrial profilometers such as the Perthograph, 
the Brush Surface Analyzer, the Talysurf, the Tomlinson 
surface-finish recorder, etc. The use of the electron 
microscope and interference fringes are also briefly dealt 
with. Section E is devoted to a further range of industrial 
instruments including the pneumatic apparatus of Solex- 
Nicolau, the condenser-type instruments manufactured by 
Perthen, the Pulfrich photometer of Zeiss, and the Schmaltz 
dark-field photometer. 

Section F is devoted not so much to the determination 
of surface finish as to determination of loss of ideal form, 
i.e., loss of roundness of cylindrical bodies and the like. 
Section G deals with practical aspects of the determination 
of surface finish and upon the choice of methods. 


This very useful book concludes with a bibliography 
comprising 949 references.—J. FERDINAND KAYSER. 


NEW PUBLICATIONS 


‘ 


AMERICAN Socrety ror TesTinG MaterrAts. ‘ Symposium 
on Deformation of Metals as Related to Forming and 
Service.”” (Special Technical Publication No. 87). Pp. 
117. Philadelphia, 1949 : The Society. 

Carman, P. C. “* Chemical Constitution and Properties of 
Engineering Materials.” 8vo, pp. xi + 894. Illustrated. 
London, 1949 : Edward Arnold and Co. (Price 50s.) 

CuHaLmeErs, Bruce (Editor). “‘ Progress in Metal Physics. I.” 
8vo, pp. viii + 401. London, 1949: Butterworth’s 
Scientific Publications. (Price 45s.) 

Crarts, W. and J. L. Lamont. ‘‘ Hardenability and Steel 
Selection.” Pp. xiii + 270. New York: Pitman Publish- 
ing Corp. (Price $5.50.) 

CrowTuErR, J. A. ‘“‘ Handbook of Industrial Radiology.” By 
Members of the Industrial Radiology Group of the 
Institute of Physics. Edited by J. A. Crowther. Second 
edition. 8vo, pp. viii + 218. Illustrated. London, 1949: 
Edward Arnold and Co. (Price 21s.) 

Dietz, A. G. H. “ Engineering Laminates.” 8vo, pp. viii 
+ 797. Illustrated. New York, 1949: John Wiley and 
Sons, Inc.; London: Chapman and Hall, Ltd. (Price 
60s.) 

FREEDMAN, P. 
Pp. 222. 
(Price 15s.) 

FRIEND, J. Newton. “‘ A Text Book of Physical Chemistry.” 
Second edition, pp. 568. London, 1949: Charles Griffin 
and Co., Ltd. (Price 42s.) 

Guiocker, R. “ Materialprifung mit Réntgenstrahlen unter 
besonderer Berticksichtigung der Réntgenmetallkunde.’’ 
8vo, pp. viii + 440. Illustrated. Berlin, Géttingen, 
Heidelberg, 1949: Springer-Verlag. (Price 58 DM.) 

Harris, C. O. “Strength of Materials.” 4to, pp. 220. 
Kingston Hill, 1949: Technical Press, Ltd. (Price 30s.) 

Hoarg, W. E. “ Hot-Tinning.” 8vo, pp. 112. Greenford, 
1948: Tin Research Institute. 


’ 


“The Principles of Scientific Research.” 
London, 1949: Macdonald and Co., Ltd. 
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Hotter, H. ‘“ Leitfaden ftir Autogenschweisser.”” 19. Aufl. 
des Leitfadens fir Azetylenschweisser von Kautny u. 
Holler. Pp. 415. Illustrated. Halle (Saale), 1949: 
Carl Marhold Verlagsbuchhandlung. (Price 6.00 DM.) 

Howarp, A. J. “ Canning Technology.” With a Foreword 
by Sir Jack Drummond. 8vo, pp. viii + 287. Illustrated. 
London, 1949: J. and A. Churchill, Ltd. (Price 30s.) 

Keun, G. L. “ The Principles of Metallographic Laboratory 
Practice.” Third edition. Pp. xiv + 520. New York 18, 
N.Y.: McGraw-Hill Book Co. (Price $5.50.) 

KUHLMANN, E. “ Die Werkstoffe der Metallverarbeitenden 
Berufe.” Pp. 128. Illustrated. Essen, 1948 : W. Girardet. 
(Price 5.25 DM.) 

Littico, J. W. “ Blacksmith’s Manual Illustrated.” A 
Practical Treatise on Modern Methods of Production for 
Blacksmiths, Apprentice Blacksmiths, Engineers, and 
Others. Third impression. 8vo, pp. viii + 211. London, 
1949: The Technical Press, Ltd. (Price 15s.) 

Low, B. B. “‘ Strength of Materials.” 8vo, pp. vii + 231. 
Illustrated. London, 1949: Longmans, Green and Co. 
(Price 12s. 6d.) 

Mra.t, 8. and L. M. MIA. 
istry.” Second edition, 8vo, pp. ix + 589. 
1949 : Longmans, Green and Co. (Price 60s.) 

Rouxason, EK. C. “ Metallurgy for Engineers.’ Second edition. 
London : Edward Arnold and Company. (Price 16s.) 

SMITHELLS, COLIN J. ‘“‘ Metals Reference Book.’’ 8vo, pp. xv 
+ 735. Illustrated. London, 1949: Butter worth’s 
Scientific Publications. (Price 60s.) 

Toussaint, F. ‘“‘ Der Weg des Hisens.” 
Diisseldorf: Verlag Stahleisen m.b.H. 

VEREIN DEUTSCHER EISENHUTTENLEUTE. 
Darstellung des Hisenhiittenwesens.” 15. 
8vo, pp. vi + 258. Illustrated. _Diisseldorf, 
Verlag Stahleisen m.b.H. (Price 14.50 DM.) 


“4 New Dictionary of Chem- 
London, 


2. Aufl. Pp. 109. 
(Price 2.85 DM.) 
“ Gemeinfassliche 

Auflage. 

1949: 
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